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EXECUTIVE SUMMARY 
Urban and agricultural development have affected the wetlands of the Illinois-Wisconsin
Lake Plain, a coastal wetland complex along the Lake Michigan shoreline in northern
Illinois and southern Wisconsin.  ISGS staff monitored groundwater and surface-water
levels, surface-water quality, and surface-water quantity in three natural areas on the
lake plain from March 2011 through August 2012, including Chiwaukee Prairie, Spring
Bluff Nature Preserve, and the Northern Unit of Illinois Beach State Park, to establish
baseline geochemical and hydrologic conditions, identify impacts, and measure success
of restoration measures where implemented during the study.
Baseline geochemical monitoring of three inlets on the western boundary of Chiwaukee
Prairie was performed using water-quality data loggers and by collecting monthly grab
samples.  Spikes in specific conductivity occurred a small number of times during the
winter and early spring likely due to the application of road salt along Sheridan Road
and 116th St, with highest levels at the 116th St. inlet.  Turbidity measurements show
spikes related to precipitation events.  Grab samples reveal evidence of roadway and
agricultural pollutants, including metals and nutrients.  Ortho-phosphate levels at the
400 m S inlet exceeded standards for discharge to Lake Michigan, according to Illinois
General Use Water Quality Standards.
Groundwater monitoring at Chiwaukee Prairie adjacent to the ditch along the north side
of 122nd St. showed that groundwater was depressed by as much as 0.20 m adjacent to
the ditch relative to more distant locations.  Hydropatterns in the ditch were similar to
high-quality wetlands in the drier spectrum, such as wet prairies.  Directly south of 122nd
St., fill from ditch and road construction altered the hydropattern, such that removal
would be required to restore that area.  Areas of altered vegetation near the 122nd St.
and 400m S inlets have hydropatterns that are similar to high-quality areas, and are
likely impacted by the quality of surface water entering the preserve rather than by
altered hydropatterns.  Rerouting inputs around the preserve or directly into ditches may
assist restoration.
Monitoring the quality of surface-water inputs to Spring Bluff Nature Preserve and
Northern Unit of Illinois Beach State Park was performed using water-quality data
loggers and by collecting monthly grab samples and Isco composite samples.  Specific
conductivity is consistently highest at the 9th St. inlet, although it also is elevated at the
Dead Dog Creek inlet.  Wintertime spikes in specific conductivity indicate exceedances
of Illinois’ General Use Water Quality Standards for chloride at both inlets.  Grab
samples at inlets show elevated pollutants from roadways, urban development, and
agriculture, although outlets have lower nutrients and other anthropogenically influenced
analytes due to wetland processes that remove and dilute pollutants.  Isco composite
samples confirmed high TSS at inlets.  Grab samples show exceedances of water-
quality standards for manganese and ortho-phosphate (for discharge to Lake Michigan)
at the 9th St. inlet, and for iron at the North Exit and Northeast Exit.  Iron exports likely
are naturally elevated due to the wetland conditions in the lake plain.
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Discharge at surface-water inputs and outputs was measured at Spring Bluff Nature
Preserve and Northern Unit of Illinois Beach State Park.  Discharge for each site was
calculated using regression models developed from discharge versus depth graphs,
with supplemental manual measurements.  ISGS staff found that 83% of discharge
entering SBNP at DD ERR was detected at outlets, and 30% of discharge entering
NUIBSP detected at the outlet, although it is likely that discharge was underestimated
due to site-specific factors.  Almost half of the discharge from SBNP was recorded at
the NE Exit and associated manhole, about a third was recorded at the North Exit, and
the remainder exited at DD 7th St. or was unknown.
Restoration activities performed during the study period included clearing the 9th St.
ditch, which was expected to reduce groundwater and surface-water levels in wetland
habitats adjacent to the ditch.  Water levels in parts of NUIBSP declined afterward by as
much as 0.45 m at 11-09, with lesser impact in other limited areas.  No clear reductions
in water levels were noted in SBNP, although some inconsistent declines were noted
and require additional confirmation.  Continued monitoring after recovery from dry
conditions in 2012 also may be needed to confirm results in SBNP.
Long-term trends in groundwater levels were examined for impacts caused by
hydrologic restorations performed in 2009 and 2011.  In addition to the impacts noted
above, some reductions in groundwater levels may have occurred near well 07-1s after
clearing of the 7th St. culvert in 2009, but the impacts were not consistent with nearby
wells and could not be positively identified.
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INTRODUCTION 
The Illinois-Wisconsin Lake Plain, located between Kenosha, Wisconsin and
Waukegan, Illinois, contains the largest area of Lake Michigan coastal wetlands in
Illinois.  Three nature preserves or natural areas, hereafter called preserves, make up
the majority of the lake plain, and are Chiwaukee Prairie State Natural Area (CP) in
Wisconsin, Spring Bluff Nature Preserve (SBNP) in Illinois, and the Northern Unit of
Illinois Beach State Park (NUIBSP) in Illinois (Figure 1).  Great Lakes coastal wetlands
are threatened by urban and agricultural development, which can alter hydrology and
geochemistry of surface water and groundwater, leading to drainage or ponding,
elevated loads of nutrients, chloride, metals, and silt, and the establishment of weedy
and non-native plants species as identified in previous work (Kay et al. 2010) on causes
of altered vegetation communities in these preserves.
In 2010, the Illinois State Geological Survey (ISGS) was contracted by the Lake Country
Forest Preserve District to monitor the effects of selected hydrologic alterations and
restoration activities in the Lake Michigan lake plain, to measure baseline geochemical
and hydrologic data, and continue the work of Kay et al. (2010) to identify causes of
altered vegetation communities. Observations by the Lake County Forest Preserve
District (LCFPD) and other stakeholders suggest that vegetation quality is diminished by
altered hydropatterns and geochemistry of surface-water and groundwater in areas that
previously supported high-quality vegetation, thus allowing the colonization by invasive
plant species. This report details the methods, data, and conclusions from monitoring
that occurred from March 2011 through August 2012. 
Urban and agricultural development results in drainage and an increase in impervious
surfaces in the watershed.  Higher storm-water pulses, decreased low flows, lower rates
of groundwater infiltration, altered water-level elevation, and increased ponding
(Schueler 1987, Owen 1999, Wright et al. 2006) are all hydrologic impacts of
development of the watershed.  A number of studies show a strong link between water-
level fluctuation and both decreasing species richness and increasing invasive species
(e.g., Owen 1999; Ellison and Bredford 1995; Chow-Fraser et al. 1998). Kay et al.
(2010) conducted a study into the causes of altered vegetation around Spring Bluff
Nature Preserve.  They observed disruption to the natural flow system due to the many
culverts, roads, ditches, storm drains, and berms in the preserves combined with altered
surface-water inputs from a developing watershed. They concluded that the disruptions
likely resulted in greater depth and duration of inundation in particular units of the
wetland complex, with associated increases in adventitious plant species and loss of
plant diversity.  The negative impact of culverts on upstream and downstream hydrology
has been documented in other wetland sites (Wright et al. 2006).
Urban and agricultural development also increases the input of pollutants such as
sediment, nutrients, road salts, metals, and hydrocarbons through storm-water runoff
(Wright et al. 2006).  Winter salt application is known to cause elevated levels of
chloride in natural streams and wetlands and foster the development of invasive species
such as Typha angustifolia and subsequent hybrids (e.g. Brown et al. 2011; Campbell et
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al. 2011; Demers and Sage, 1990; Isabella et al. 1987; Panno et al. 1999).  Kay et al.
(2010) previously documented high levels of chloride and other pollutants in major
inputs to SBNP and other parts of the lake plain. 
PURPOSE AND SCOPE
ISGS staff performed the following hydrologic and geochemical tasks to monitor the
effects of restoration activities, to collect additional data that may help determine causes
of altered vegetation and assist in the identification of additional restoration activities,
and to collect baseline hydrologic and geochemical data to be used in the monitoring of
future alterations likely to occur due to nearby proposed development. 
Geochemical characterization of surface-water inputs at three locations along the
western boundary of Chiwaukee Prairie (CP)
Proposed development west of Chiwaukee Prairie has highlighted the lack of baseline
water-quality data for surface-water inputs into Chiwaukee Prairie, to be used in future
comparisons after development.  Altered vegetation quality is observed adjacent to
each input, suggesting geochemistry or hydrology may already have been altered. 
Geochemical monitoring was performed to identify current levels of roadway and
agricultural pollutants.
Determination of hydrologic impacts by ditches in Chiwaukee Prairie (CP) 
Large ditches are present in Chiwaukee Prairie that carry surface waters toward Lake
Michigan from areas west of the preserve and from wetlands found in Chiwaukee
Prairie.  It is not known if the ditches cause sufficient drainage of adjacent areas to
warrant restoration measures, although differences in vegetation quality across the
ditches have been observed.  Monitoring of water levels adjacent to the ditch was
performed at one location to evaluate the effects of the ditch on groundwater levels.
Geochemical characterization of surface-water inputs and outputs in Spring Bluff Nature
Preserve (SBNP) and Northern Unit of Illinois Beach State Park (NUIBSP)
Altered hydrology and quality of surface water have been indicated by previous studies
at SBNP and adjacent areas (Kay et al. 2010).  Alterations previously identified include
the quality of surface-water inputs from developed areas to the west, although the
extent of that alteration has not yet been established.  Monitoring of surface-water
inputs was performed in this study to identify possible geochemical influences from
urban and agricultural development.  Monitoring of waters discharging from SBNP and
NUIBSP was also performed to identify water-quality functions performed by the coastal
wetlands.
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Determination of surface-water input and output volumes at Spring Bluff Nature
Preserve (SBNP) and Northern Unit of Illinois Beach State Park (NUIBSP) 
The quantity of surface-water inputs from developed areas to the west has been
identified as a cause of alteration to the preserves (Kay et al. 2010), although the extent
of that alteration has not yet been established.  Additional alterations include ditches
and drains that reduce water levels in parts of the preserve, and impediments such as
berms that impound surface water at a higher elevation than preexisting natural
conditions.  Restoration plans include alteration of drains and ditches to provide
increased drainage in impounded areas, and these plans require knowledge of
discharges.  Continued measurement of input quantity will assist in identifying
conditions and possible restoration measures.
Hydrologic effects from clearing the 9th St. ditch
Restoration activities during the monitoring period included clearing the 9th St. ditch to
assist in draining impounded areas, and previous major restoration activities included
clearing the 7th St. culvert in 2009.  Groundwater adjacent to the 9th St. ditch was
measured by installing and monitoring new wells in this study.
Long-term trends in wells and at staff gauges installed in the previous study
Continued monitoring occurred at wells and gauges installed during a previous study
(Kay et al. 2010) to identify any long-term changes that may relate to restoration
activities in 2009 and 2011.
STUDY AREA AND GEOLOGIC SETTING
The study area is located adjacent to Lake Michigan along the northeastern coast of
Illinois and southeastern coast of Wisconsin in the Illinois-Wisconsin Lake Plain (Figure
1). The study area comprises three preserves: the northernmost part of the study area
is Chiwaukee Prairie in Wisconsin, the central part is Spring Bluff Nature Preserve in
Illinois, and the southern part is the Northen Unit of Illinois Beach State Park in Illinois.
The lake plain is composed of a set of beach ridges and intervening swales that formed
by fluctuating lake levels after the final retreat of glacial ice from the Lake Michigan
basin during and after the last glacial subepisode (Chrzastowski 2000).  The ridges
consist of sand and gravel that were built up by wave action, and the swales are the
intervening low-lying spaces where wetlands often form. The subtle variations in
topography of the study area yield several types of wetlands, with vegetative
communities including sedge meadow, wet prairie, mesic prairie, emergent marsh, and
others.
The drainage area for the lake plain runs from North Chicago, Illinois, northward to
Kenosha, Wisconsin, and is approximately four miles wide at the widest part
(Chrzastowski 2000).  Land use in the watershed is primarily agricultural and urban,
3
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with greater urbanization in Zion and Winthrop Harbor in Illinois, and lesser in
Wisconsin. Several named and unnamed inlets bring surface water into the preserves,
with the largest in the study area being Dead Dog Creek (Figure 1) that enters SBNP.
METHODS
Nine sites were chosen to examine the chemistry and/or volume of surface water in the
study area for the tasks discussed below (Figure 1).  In Chiwaukee Prairie, three
surface-water inputs were selected along the western boundary of the site, including the
ditch along 116th Street (named 116th St.), a small drainage off agricultural land about
400 meters south of 116th Street (400m S), and a ditch with major field tile output along
122nd Street (122nd St.), which is paved west of CP but is unpaved within the preserve. 
In SBNP, one input location (Dead Dog East of the Railroad [DD ERR]) and two outputs
locations (North Exit [N Exit] and Northeast Exit [NE Exit]) were selected. At the NUIBSP,
two input locations (9th Street East of the Railroad [9th St. ERR], and Dead Dog at 7th
Street [DD 7th St.]), and one output location (Dead Dog Exit to Lake Michigan [DD Exit
LM]) were selected.  Dead Dog at 7th St. is both an output for SBNP and an input for
NUIBSP.
Groundwater levels were monitored in shallow wells installed for this study in two areas
of Chiwaukee Prairie (11-1 through 11-6, and CP1 through CP6), and in NUIBSP (wells
11-9 and11-10).  Wells were installed by ISGS staff other than wells CP1 through CP6,
which were installed by LCFPD and University of Wisconsin-Parkside.  Additional data
from wells and gauges previously installed by Kay et al. (2010) (wells 07-1s through 07-
18s, gauges B-J) are included in this report.  All wells and gauges can be located in
Figure 1.  Wells were installed using the methods of Miner and Simon (1997).
Precipitation data were obtained from the Midwestern Regional Climate Center for
Kenosha, Wisconsin (Midwestern Regional Climate Center 2012).  The Kenosha station
is about 5 miles north of the northernmost site.  Data from the Midwestern Regional
Climate Center is used mainly for confirmation of amounts and timing of precipitation
relative to discharge events and water levels recorded on site.
Geochemical characterization of surface-water inputs at three locations along the
western boundary of CP  
ISGS staff installed Hydrolab MS5 water-quality data loggers in each of three inlet
streams to CP discussed above and shown in Figure 1.  The loggers monitored water
quality every four hours, measuring pH, temperature, turbidity, and specific conductivity. 
The loggers were installed in April 2011 and were deployed through May 2012.  Monthly
calibration and maintenance of the loggers were conducted in the field except during the
coldest months.  Certain stream conditions led to errors in the data, including drying and
burial in sediment.  Additional errors were caused by instrument related malfunctions or
errors in programming.  Errors were identified during data processing and were removed
from the dataset during QA/QC analysis if caused by instrumentation failures or other
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aspect that caused known false readings.  Noise in the data caused by installation
issues, calibration changes, or unknown causes was not removed.
Monthly grab samples were collected at all three sites for laboratory analysis, using the
following methods.  A peristaltic pump was used to collect samples using silicone tubing
pumped through a flow cell.  Field parameters were measured using a Hydrolab MS5
water-quality data logger, which also was used to establish stabilization of the
parameters prior to sampling.  Samples collected for analysis of dissolved non-volatile
organic carbon, metals, anions, total dissolved solids (TDS), and ortho-phosphate (oPO4-
P) were field-filtered using a 0.45-micron disposable filter.  Samples for metals, total and
dissolved non-volatile organic carbon, and ammonia (NH3-N) were preserved with acid
(0.2% nitric acid, 0.5% phosphoric acid, 0.5% phosphoric acid, and 0.2% sulfuric acid,
respectively).  All samples were kept on ice at or below 4°C until analysis.  Water
samples were generally delivered to the laboratory within the appropriate holding times
for each type of sample.  Samples were analyzed by the Illinois State Water Survey
public laboratory using standard techniques.  All analytes are shown in Appendix A. 
Blank and duplicate samples were collected during each sampling trip and are presented
in Appendix B, although duplicate samples generally were collected at a nearby project
that was sampled at the same time.
Determination of hydrologic impacts by ditches in CP 
ISGS staff installed a line of six monitoring wells (11-1 through 11-6) across one ditch
where vegetation differences on either side were observed (Figure 1).  The purpose was
to identify any differences in the hydropattern that may influence vegetation quality.  A
data logger was installed in each well.  The loggers and wells were installed in March of
2011 and collected levels every four hours through the end of the project.  Depth to
water was measured manually on a quarterly basis.  Locations and elevations of
monitoring wells were surveyed using a survey-grade Leica TC702 GPS.
Geochemical characterization of surface-water inputs and outputs in SBNP and NUIBSP  
ISGS staff installed Hydrolab MS5 water-quality data loggers at DD ERR (SBNP) and 9th
St. ERR (NUIBSP) (Figure 1).  Loggers were maintained and data processed in the
same manner as those at CP, discussed previously.  The two inlet locations were
equipped with Isco 6712 composite samplers that collected flow-integrated samples and
measured discharge volume, discussed below.  Samples were retrieved monthly from
the Isco samplers, and subsampled and analyzed using methods previously discussed. 
Although all analytes in Appendix A were measured for all Isco samples, the only
analytes that can be considered accurate are total suspended solids (TSS), total
dissolved solids (TDS), chloride (Cl), and specific conductivity, because these were not
susceptible to changes during the month-long compositing period, given that the sampler
does not preserve water samples.  Other values from Isco samples are used to identify
the presence of certain pollutants, but these values cannot be considered accurate
because they did not conform to standard holding times and may have changed during
storage.  The data have been omitted from tables and graphs, but are listed in Appendix
A.
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Grab samples were also collected monthly at the two inlet locations discussed above as
well as three outlet locations to Lake Michigan: DD Exit to LM, N Exit, and NE Exit
(Figure 1).  Grab samples conformed to all applicable holding times and preservation
methods, and therefore are considered accurate for analysis of concentrations.
Geochemistry data were used to evaluate the types and concentrations of geochemical
constituents entering the study area from the upstream parts of the catchment.  ISGS
staff compared upstream and downstream chemistry of Dead Dog Creek for any major
changes to stream chemistry through the study area to determine impacts and functions
of the wetlands in the lake plain.  ISGS staff evaluated trends of geochemical
constituents at all sites over the monitoring period and compared concentrations to the
Illinois General Use Water Quality Standards (Subpart B: General Use Water Quality
Standards, Section 302.208, Numeric Standards for Chemical Constituents) (Illinois
Pollution Control Board, undated) to determine if measured levels exceed standards. 
Standards for which numeric levels are published were examined, but standards that
require levels be individually calculated using hardness or other characteristics of each
sample were not examined.
Determination of surface-water input and output volumes at SBNP and NUIBSP  
Continuous discharge data were recorded at all SBNP and NUIBSP sites using Isco flow
loggers, which measured water velocity using Doppler technology and water depth using
pressure transducers.  ISGS staff monitored the volume of flows at six locations (Figure
1), including the two input locations discussed previously and four downstream locations
(DD 7th St, DD Exit to LM, N Exit, and NE Exit) that were equipped with Isco 4150 data
loggers that collected velocity, depth, and discharge data, but did not collect water
samples.  ISGS staff also monitored a 12" diameter culvert (Figure 1), west of the NE
Exit, with a water-level data logger.  Water levels and discharge measured with Isco
instruments are presented in English units (ft, ft/sec, ft3) because those units were
required by end users of the data.
ISGS staff previously determined that discharge calculated using the Doppler area-
velocity sensor did not adequately measure discharge under certain conditions (Miner et
al. 2012), therefore ISGS staff developed a rating curve at each of the six locations to
calculate discharge from the more reliable depth measurements made by the pressure
transducers.  Doppler-based discharge measurements were screened to exclude
erroneous measurements by removing all discharge measurements recorded outside the
operating range of the instrument, when depth measurements were less than 0.05 ft, and
velocity measurements were less than 0.1 fps.  Also removed were measurements
where an error was recorded by the Isco sampler due to insufficient signal strength or
reflectors in the water column, where depths were larger than the channel depth or pipe
diameter, when water levels were very low, and where any discharges were calculated
when no water flow was expected, such as when dry or frozen. These data were
removed to produce an improved dataset that was used to create and calibrate the rating
curve.
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ISGS staff developed a discharge versus depth curve for each site using the edited Isco
discharge measurements using regression analysis. The best-fit regression equation
was generally utilized for each site, although trendlines were not utilized if they showed
flow behaviors that were not realistic or did not match observations in the field.  Manual
measurements were included on the graph for comparison, and in some cases were
used to calibrate a more realistic trendline.  Some datasets required multiple trendlines
for different time periods or different depth ranges if a single trendline was unable to
reasonably approximate flows throughout the range.  The trendline equation calculated a
discharge for each depth recorded during the monitoring period.  Depth was found to be
more reliable than the velocity sensor.
Hydrologic effects from clearing the 9th St. ditch
In 2011, ISGS staff installed monitoring wells 11-9 and 11-10 to measure shallow
groundwater levels in wetland areas adjacent to the 9th St. ditch to determine baseline
hydrology, and measure potential changes in water levels as a result of alteration to the
drainage system during subsequent ditch clearing in August 2011 (Figure 1).  In addition,
surface-water levels were recorded at the Isco monitoring stations at DD Exit LM and DD
7th St., and data were used to identify any declines in surface-water levels after ditch
clearing.
Long-term trends in wells and at staff gauges installed in the previous study
Wells and staff gauges installed in SBNP and CP in 2007 by ISGS staff (Kay et al. 2010)
were monitored during this study to identify the results of the clearing of the Dead Dog
Creek culvert under 7th St. in 2009.  Data from wells 07-1s through 07-18s and gauges
B-J are included in this report and analyzed to determine if any trends caused by
restoration activities could be identified.
The loggers collected level data every four hours.  Depth to water was measured on a
quarterly basis.  Locations and elevations of monitoring wells were surveyed with a Leica
TC702 GPS.  Wells in the northern parts of SBNP and the southern parts of CP (wells
07-6s through 07-18s) are not expected to have been impacted by hydrologic restoration
activities, and therefore were examined to provide control points for comparison and
identification of changes in the southern parts of SBNP and NUIBSP.
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DATA AND ANALYSIS
Geochemical characterization of surface-water inputs at three locations along the
western boundary of CP 
Hydrolab data loggers
Minimum, maximum, and mean values for select Hydrolab parameters are shown in
Table 1. Temporal trends are shown in Figure 2 for selected parameters. 
The specific conductivity record shows a predominance of dilution events in non-winter
months and during heavy precipitation events, shown as large and steep declines,
followed by slower recoveries to the same general level.  Large precipitation events in
July 2011, February 2012, and April 2012 resulted in especially large decreases in
specific conductivity.  In contrast, 116th St. shows upward spikes from December through
February, likely due to road salt application that was transported in runoff during
precipitation events.  The spikes are as high as 1,916 (uS/cm) and 116th St. has the
highest mean of the three sites, likely due to chloride-laden roadway runoff from 116th St.
and Sheridan Road.  The lack of spikes at 400m S and 122nd St., and a much lower
mean specific conductivity at 400m S, indicates less roadway runoff to those locations.
Temperature is shown in Figure 2. The recorded temperatures were highest in summer
of 2011 and lowest in winter 2012, which reflects seasonal variations.  Temperature had
a prominent diurnal signal, and generally dropped after a precipitation event.  
Figure 2 also shows pH levels.  Levels at 116th St were generally circumneutral to slightly
basic, and are often highest of all sites at CP.  The other inputs, while generally
circumneutral, had slightly lower levels than 116th St.  Some slightly acidic events
occurred at the other sites, more so at 122nd St., but these generally relate to periods
when less flow was observed, and may indicate stagnant conditions, for example June
through August 2011 and Spring 2012.  
Figure 3 shows turbidity recorded at the three Chiwaukee Prairie inlets. Overall,
significant noise was introduced by the regular burial of the loggers in sand being
transported by the inlet streams as bed load.  Many peaks and long periods of high
turbidity are likely inaccurate, being caused by burial rather than increased suspended
sediment levels.  The ability to accurately identify a peak often related to how recently
the logger had been serviced and reset above land surface.  The turbidity data are
presented as documentation of the task, but conclusions are not made other than to note
that at least some peaks in turbidity occurred during runoff events, and those may be
accurate.
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Specific 
Conductivity 
(uS/cm)
Turbidity 
(NTU)
Temperature 
(C°) pH
min 201.0 0.1 0.0 6.92
max 2132.0 2926.0 30.0 9.31
mean 843.0 67.8 11.7 7.90
min 16.0 -3.0 6.27
max 4093.0 35.1 8.66
mean 1170.7 11.0 7.42
min 300.0 0.8 6.70
max 1916.0 25.3 8.22
mean 1028.8 10.6 7.63
min 124.8 1.0 5.94
max 1567.0 24.9 8.45
mean 818.6 9.8 7.31
min 27.4 1.8 5.23
max 1248.0 26.2 7.79
mean 1071.4 9.0 6.93
Table 1. Minimum, maximum, and mean specif ic conduct ivity, turbidity, temperature, and pH 
from dataloggers at DD ERR, 9th St. ERR, 116th St., 400m S, and 122nd St. 
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 St.
116
th
 St.
DD ERR
9th St. ERR 
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Figure 2. Specific conductivity, temperature, and pH recorded at 116th St.,
400m S, and 122nd St., and precipitation recorded at Kenosha, Wisconsin.
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Figure 3. Turbidity recorded at CP sites 116th St., 400m S, and 122nd St., and precipitation
recorded at Kenosha, Wisconsin.
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Grab samples
Grab samples were collected at all input CP sites where surface water was flowing
during monthly site visits.  Results of analysis are shown in Appendix A, with selected
analytes summarized in Table 2, which also shows their respective maximum, minimum,
and mean values. Spatial and temporal trends are shown in Figure 4 for selected
analytes.  Grab samples are statistically most likely to be collected during the most
common flow conditions, which is at low to average flow, so they generally do not
represent the entire range of conditions that can occur, especially high flows that may
preferentially transport sediment and other pollutants.
Impacts from roadway and agricultural runoff were seen at all sites.  Greatest roadway
influence was seen at 116th St., where the highest peak and mean Na and Cl, and
highest peak specific conductivity levels in CP were seen.  All three sites had a presence
of metals such as zinc (Zn) and copper (Cu) that are often found in roadway runoff,
perhaps indicating additional sources such as the railroad tracks along the west
boundary of CP because roadway runoff was only significant for 116th St based on
chloride levels.  Evidence of agriculture land use west of Chiwaukee Prairie included high
nitrate (NO3-N), ammonium (NH3-N), sulfate (SO4), and ortho-phosphate (oPO4-P) due to
seasonal application of fertilizers and other agricultural activities; highest levels were
generally seen at 400m S, likely due to all runoff coming directly from an agricultural field
as noted previously.  Mean and maximum calcium (Ca), magnesium (Mg), and total
dissolved solids (TDS) were generally high at CP, with highest levels often seen at 122nd
St., suggesting mineral-rich groundwater inputs as opposed to surface-water inputs.  Ca
and Mg were lowest at 116th St., suggesting a higher percentage of surface-water runoff
at that location as compared to others.  Samples in September 2011 were collected
during or immediately after a heavy precipitation event, so overall concentrations were
decreased.  All lab-measured pH levels were within General Use Standards.  No
exceedances of General Use Water Quality Standards were observed other than PO4
levels at the 400m S inlet that exceeded levels allowed for discharge directly into Lake
Michigan, although the point was in Wisconsin and Illinois standards do not apply.
Determination of hydrologic impacts by ditches in CP
Groundwater levels were recorded from March 2011 through September 2012 in wells
11-1 through 11-6 (Figure 5).  The well transect is located in a north-south trending
wetland swale that is crossed by 122nd St., which in the preserve is an unpaved trail with
a ditch along the north side.  Wells 11-6,11-5, and 11-4 are located north of the ditch, 11-
3 is in the ditch, and 11-2 and 11-1 are located south of 122nd St.  According to Figure 6,
the water table was often above ground level at the location of these wells, recording the
presence of standing water.  The water-level elevation in the ditch (well 11-3) was
consistently lower than the other wells in the transect, showing that surface water and
groundwater flowed toward the ditch from both north and south, draining the swale.
Additionally, Figure 5 indicates that the furthest wells on either side of the ditch (wells 11-
6 and 11-1) recorded water levels about 0.1 to 0.2 m higher than levels in the ditch,
suggesting measurable drawdowns (drainage) caused by the ditch.
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(mg/L) pH (lab) SC Fe Cu Zn SO
4
NO
3
-N NH
3
oPO
4
-P Na K Ca Mg Cl Alk TDS TSS Diss. NVOC
min 497.0 45.6 284.0 451.0
max 1309.0 254.0 742.0 56410.0
mean 935.7 188.3 572.5 12764.2
min 7.2 296.0 0.046 0.0010 0.000 16.6 0.10 0.03 0.006 23.1 1.9 22.9 8.1 33.4 76.9 187.0 3.2 5.1
max 8.2 1764.0 0.981 0.0016 0.000 90.0 0.48 0.47 0.051 233.4 3.2 96.0 42.3 382.1 322.9 993.0 307.0 9.9
mean 7.8 1346.8 0.312 0.0013 NA 59.8 0.25 0.18 0.019 157.3 2.7 82.3 34.0 238.8 273.1 762.6 33.9 7.2
min 699.0 51.1 294.0 493.3
max 935.0 187.0 618.0 9040.0
mean 838.4 111.7 491.8 2258.3
min 8.1 571.0 0.029 0.0008 0.000 38.77 0.10 0.06 0.004 38.88 1.65 49.50 21.50 60.7 162.1 348.0 3.6 3.7
max 8.4 1182.0 0.113 0.0035 0.000 88.15 0.73 0.22 0.049 88.05 3.17 111.00 54.20 179.5 335.0 700.0 17.6 10.3
mean 8.2 986.8 0.069 0.0015 NA 66.03 0.36 0.12 0.021 69.31 2.41 86.00 41.37 124.0 278.5 584.6 8.3 5.6
min 7.4 370.0 0.208 0.0000 0.000 33.5 0.00 0.05 0.004 40.2 0.9 78.1 30.8 60.9 225.9 446.0 5.6 10.8
max 7.8 1015.0 5.223 0.0000 0.000 78.4 0.00 0.25 0.027 57.3 2.6 101.5 39.0 87.5 333.4 580.0 92.0 21.9
mean 7.7 776.3 1.417 NA NA 47.8 NA 0.13 0.014 45.0 1.8 84.8 34.1 72.4 284.4 489.7 25.5 14.5
min 7.5 399.0 0.810 0.0008 0.000 3.5 0.13 0.22 0.017 34.4 1.8 62.9 27.2 51.2 218.0 382.0 3.2 7.7
max 8.0 919.0 2.884 0.0013 0.000 119.5 0.13 0.42 0.035 56.0 3.0 101.0 45.1 90.7 319.3 591.0 76.0 23.2
mean 7.7 685.6 2.026 0.0010 NA 38.7 0.13 0.33 0.025 44.1 2.5 76.3 32.4 70.1 264.0 457.8 39.6 17.4
min 7.9 464.0 0.035 0.0010 0.000 12.7 0.08 0.03 0.009 26.6 1.8 42.9 16.9 46.5 123.5 286.0 6.0 7.8
max 8.2 967.0 0.512 0.0021 0.000 62.1 0.22 0.69 0.045 75.0 3.9 86.3 45.5 120.0 336.7 548.0 6.4 23.0
mean 8.0 849.3 0.151 0.0015 NA 42.2 0.16 0.23 0.022 55.2 2.5 74.9 35.6 89.6 267.4 492.6 6.2 13.4
(mg/L) pH (lab) SC Fe Cu Zn SO
4
NO
3
-N NH
3
oPO
4
-P Na K Ca Mg Cl Alk TDS TSS Diss. NVOC
min 7.90 816.0 0.025 0.0010 0.0202 65.1 0.15 0.08 0.010 69.1 1.51 68.2 25.7 95.7 213.0 496.0 5.2 4.0
max 8.19 1254.0 0.352 0.0014 0.0202 142.0 0.95 0.14 0.027 113.2 3.07 116.8 49.1 161.8 325.4 751.0 8.0 7.4
mean 8.04 1154.8 0.094 0.0012 0.0202 112.3 0.50 0.10 0.016 92.9 1.90 100.4 41.1 139.1 293.4 696.4 5.8 5.4
min 7.84 460.0 0.026 0.0009 0.0098 75.5 1.66 0.03 0.013 10.1 1.12 53.8 22.1 18.8 130.5 303.0 4.8 3.7
max 8.11 1084.0 0.068 0.0015 0.0098 223.5 7.41 0.21 0.071 39.5 3.18 141.2 59.2 55.5 334.6 743.0 40.8 9.5
mean 8.00 938.4 0.046 0.0012 0.0098 166.1 3.35 0.09 0.030 29.0 1.85 114.7 48.0 43.2 284.9 630.3 11.8 6.1
min 7.72 839.0 0.028 0.0008 0.0108 129.0 1.92 0.03 0.006 21.8 1.61 103.0 42.5 33.4 227.2 526.0 3.6 4.0
max 7.96 1192.0 0.144 0.0020 0.0142 295.2 4.47 0.10 0.020 39.4 3.10 149.3 65.3 65.9 295.0 841.0 30.4 7.4
mean 7.81 1051.4 0.060 0.0014 0.0125 238.0 2.55 0.06 0.011 31.7 2.08 128.9 55.1 54.4 267.9 733.7 11.3 5.6
Table 2. Minimum, maximum, and mean values for selected geochemical parameters for all sites.  Highest values for maximum and mean are highlighted in red. 
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Figure 4a. Selected geochemical
parameters from grab samples at Chiwaukee
Prairie (Figure 1), including calcium (Ca),
orthophosphate (oPO4-P), ammonia (NH3-N),
nitrate (NO3-N),total dissolved solids (TDS),
total suspended solids (TSS), and chloride (Cl).
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Figure 5. Water-level elevation in wells 11-1 through 11-6 in Chiwaukee Prairie. Precipitation recorded at Kenosha, Wisconsin.   
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Wisconsin. 
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While this impact to water levels is measurable and may have led to drier wetland
communities being formed (e.g., wet prairie or sedge meadow instead of shallow marsh),
the water levels in the ditch and adjacent wetlands maintained patterns of water-level
fluctuations (hydropatterns) similar to more distant wetland areas (11-1, 11-4, 11-5, 11-6)
that maintained high-quality plant species, with no obvious differences in water-level
declines or rises during precipitation events.  This suggests the existing hydropatterns
are sufficient to maintain a high-quality plant assemblage, similar to areas farther north
along the swale (e.g., 11-5).  After ditch development decades ago, the plant
communities in and near the ditch likely stabilized during a period when high-quality
adjacent plant communities were available to colonize the affected areas without
allowing lower quality plant species to colonize.  Some adventitious plants have begun to
colonize the ditch near 11-3, perhaps spreading from downstream areas that are more
highly altered or suggesting that the areas with greatest decline in water levels may have
been impacted enough to allow colonization by weedy species once a seed source was
available.
While the plant assemblage north of the ditch remains stable and generally lacks
adventitious plants, the areas south of the ditch differ.  The swale near 11-1 is colonized
by Typha sp. despite maintaining a hydropattern almost identical to 11-6, where a high-
quality native plant assemblage exists.  Because the input to CP at 122nd St. flows into
the swale near 11-1, water-quality factors may be more important than water levels,
unless proximity to seed sources or spreading centers play a role.  This input had
documented high levels of nutrients, TDS, TSS, and other analytes including chloride at
levels above those that have been associated with impacts in fen wetlands in Illinois
(Panno et al. 1999).  These pollutants likely impacted the plant assemblage more than
water-level declines produced by the ditch along 122nd St.  Rerouting the input at 122nd
St. should be considered to remove this impact prior to restoration of the plant
assemblage.
The area around 11-2 may qualify as wetland according to federal guidelines, but the
hydropattern is very irregular and does not match those of unaffected wetlands in the
lake plain due to the placement of fill during the construction of 122nd St and the
associated ditch.  Removal of fill may be needed in order to restore a high-quality plant
assemblage.
Other well data presented in this report for CP includes wells 07-13s through 07-18s,
which were installed by ISGS staff prior to the monitoring dates of this report, and wells
CP1 through CP6 , which were installed and monitored by LCFPD and University of
Wisconsin-Parkside.  The elevation and depth to water in wells CP1 through CP6 are
shown in Figure 7 and Figure 8.  The elevation and depth to water in wells 07-13s
through 07-18s are shown in Figures 9 and Figure 10.  Hydropatterns and wetland types
near wells 07-13s through 07-18s were discussed in Kay et al. (2010).  No analysis of
data from wells CP1 though CP6 is included in this report other to note that no obvious
altered hydropatterns were observed, and that they were similar in hydropattern to wells
11-1 through 11-6.  Therefore, colonization of the area surrounding well CP4 by Typha
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FFigure 7. Water-level elevation in wells CP1-CP6 in Chiwaukee Prairie. Precipitation recorded at Kenosha, Wisconsin.   
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Figure 8. Depth to water below land surface in wells CP1-CP6 in Chiwaukee Prairie. Precipitation recorded at Kenosha, Wisconsin.   
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Figure 9. Water-level elevation in wells 07-13s through 07-18s in Chiwaukee Prairie. Precipitation recorded at Kenosha, Wisconsin.  
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sp. may be related to geochemical issues from runoff at the 400m S input, which is high
in nutrients and other pollutants, similar to the situation discussed above near well 11-1. 
Discussion of wells 07-13s through 07-18s will be presented later, along with other wells
and staff gauges that were installed in the previous study.
Geochemical characterization of surface-water inputs and outputs in SBNP and NUIBSP
 
Geochemistry of surface-water inputs and outputs was measured by collecting grab
samples and/or Isco composite samples for laboratory analysis and installing water-
quality data loggers.  Geochemical constituents most commonly of concern are
summarized in Table 2, and a complete list of analytes and results are found in Appendix
A.  For Isco samples, specific conductivity, turbidity, TDS, total suspended sediment
(TSS), and Cl are the primary analytes discussed because these were not subject to
significant alteration during month-long compositing periods, and are good indicators of
impacts caused by development.  Other Isco analytes are listed in Appendix A but must
be viewed as likely inaccurate due to long holding times that do not conform to
standards; the intent of including the Isco data is to identify the presence of pollutants
and to point to further research areas.  Hydrolab MS5 data loggers were installed at the
two main input locations (DD ERR and 9th St. ERR) (Figure 1).  Minimum, maximum, and
mean values for select data logger parameters are located in Table 1, and Hydrolab data
are graphed in Figures 11 and 12.
Hydrolab data loggers
For both inlets (9th St. ERR at NUIBSP and DD ERR at SBNP), specific conductivity
levels from April 2011 until January of 2012 showed a predominance of dilution events
(downward deflections), similar to CP.  Afterward, upward spikes occurred through early
spring, likely due to deicing salt application to the roads.  Records from the city of Zion
indicate that salt was applied to the roads on the following are dates in 2012: January 17
(88 tons [tn]), January 18 (97 tn), January 23 (57 tn) February 15 (45 tn), February 24
(57 tn), and March 2 (55 tn).  These dates were on the same day, or one day prior to, all
major spikes in conductivity at 9th St. ERR.  When spikes occurred at DD ERR, they were
on the same dates at those at 9th St. ERR, although fewer and smaller spikes occurred,
perhaps due to more dilution of runoff in the higher volumes of Dead Dog Creek.  9th St.
ERR had the higher mean and maximum specific conductivity of the two inlets,
suggesting a higher proportion of runoff from urbanized areas.  Appropriately, DD ERR
has a larger watershed that contains some non-urbanized areas.  Spikes above about
2,164 mg/L were associated with Cl levels exceeding 500 mg/L in a stream in
northeastern Illinois (Campbell et al. 2011).  Using this model, Illinois General Use Water
Quality Standards of 500 mg/L for chloride are predicted to have been exceeded at least
4 times at 9th St. ERR and possibly once at DD ERR.
The temperatures at DD ERR and 9th St. ERR inlets were highest in summer of 2011 and
lowest in winter 2012, which reflects seasonal variations.  Temperature and pH had a
strong diurnal signal, and generally dropped after a precipitation event.  Mean pH at DD
ERR was higher than 9th St. ERR, and was higher throughout most of the monitoring
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Figure 11. Specific conductivity, temperature, and pH recorded at 9th St.
ERR, DD ERR, and precipitation recorded at Kenosha, Wisconsin.
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Figure 12. Turbidity recorded 9th St. ERR, DD ERR, and precipitation recorded at Kenosha, Wisconsin.
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period, suggesting higher groundwater input and indicating a higher percentage of urban
runoff in the 9th St. watershed.
Turbidity data at 9th St. ERR are generally poor, likely due to shallow depth and an
organic, muddy bottom that created sedimentation issues and noise in the
measurements (Figure 12). Some upward spikes may have been recorded but are
difficult to identify.  The mean and maximum turbidity at 9th St. ERR are not meaningful
due to the noise, and no conclusions were made from this site.  Turbidity at DD ERR
showed generally low levels, with obvious spikes, although some data in Spring 2012
may be noisy due to instrument errors.  Some spikes correlated with precipitation events
were as high as 1,919 NTU, but precipitation events did not consistently produce a
turbidity increase.  Turbidity spikes can occur due to animal or human disturbance and
other issues, which may not be related to precipitation.
Grab samples
Grab samples were collected when water was flowing during monthly visits at inlet and
outlet sites listed in Table 2.  Results of analysis are shown in Appendix A, with selected
analytes summarized in Table 2 showing their respective maximum, minimum, and mean
values.  Trends are shown in Figure 13a and 13b  for selected analytes.  Grab samples
follow standard preservation and holding times.
Inlet sample results strongly indicated the effects of roadways and urbanization,
including high maximum and/or mean specific conductivity, Na, potassium (K), NO3-N,
SO4, Cu, Cl, and TDS. Nutrients at inlets are likely from lawn and or agricultural
fertilizers, and roadway influences are seen in the metals and sodium chloride.  These
analytes were lower at outlet locations, likely due to uptake or transformation in the
wetlands, adsorption, dilution, and attenuation.  Inputs were also diluted by runoff during
larger precipitation events, lowering minimum and mean Ca, Mg, and TDS relative to
outputs.  For all sampling locations, TDS and Cl decreased through the Summer and Fall
2011, then increased in late Winter and Spring 2012, likely due to wintertime road salt
application.  Grab samples from 9th St. ERR showed the highest range, with
concentrations of Na and Cl up to 233 mg/L and 382 mg/L respectively, but still followed
the overall trend.  Grab samples showed PO4 at 9th St. ERR exceeded 0.05 mg/L, which
is a level higher than allowed by general use standards if the inlet were flowing into Lake
Michigan.  Given that PO4 levels at the outlets from the lake plain were less than the
standard, the lake plain currently functions to reduce input waters to levels acceptable for
discharge into the lake.  Also, manganese (Mn) levels exceeded General Use Standards
at the 9th St. inlet.
Effects of downstream wetland functions are seen.  Grab samples at outlets had higher
mean Ca, Fe, and dissolved NVOC.  Increased levels of these particular analytes at the
outputs are indicative of groundwater discharge in the system, wetland conditions, and
high-productivity surface-water systems, respectively.  Groundwater discharge in the
preserves was likely the reason for the high Ca at the N Exit and the NE Exit and
decreased Cl (maximum and mean), possibly due to dilution.  TSS and certain metals
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(Na, Zn maximum and mean) decrease at all downstream points, likely due to adsorption
within the wetland complex.  Fe exceeds General Use Water Quality Standards at the N
Exit and NE Exit likely due to reducing conditions in wetlands that naturally mobilize Fe. 
Also, nutrients (NO3-N, NH3-N, oPO4-P) all decrease at the outlets likely due to
denitrification and/or nutrient uptake by plants in the wetland.  As noted above, PO4
levels are reduced below General Use Standards prior to discharge to Lake Michigan.
Average concentrations of common geochemical constituents (Cl, N, oPO4-P, and total
suspended solids [TSS]) found in a previous study were comparable to those found in
this study.  According to Kay et al. (2010), overall concentrations of various analytes
were higher on the west side of the wetland complex and were lower at the sample
locations closest to Lake Michigan due to wetland functions and other processes.  In one
particular sampling event, the concentration of Cl was found to decrease by 19% from
inlet to outlet.  The findings of this study corroborate that pollutant values were generally
lower at the outputs from the wetland complex.
Isco composite samples
Composite samples were collected at inputs to identify loadings of certain analytes. 
Samples were flow-integrated to be statistically representative of the input at all stages. 
Samples were not refrigerated during collection, which was generally over a one-month
period.  Therefore, concentrations for many analytes, such as metals and nutrients,
cannot be considered reliable because they exceed standard holding times, and
concentrations many have changed during storage from a variety of processes.  All
results of analysis are listed in Appendix A because the data may still be used for
identification of the occurrence of specific analytes.  However, only TSS, TDS, and Cl
are included in Table 2 and Figure 13a and 13b because they were not expected to
change significantly during storage and therefore are expected to be accurate.  In July
2011, a large tree fell over the stream at the 9th St.  ERR sampling location, dramatically
slowing the velocity of the stream going past the sensor.  Following the fall of the tree, no
additional samples were collected by the Isco at 9th St. ERR due to the lowered
velocities.
As seen in Figure 13a and 13b, composite Isco samples from both input sites had clearly
higher mean and maximum TSS due to enhanced transport of sediment during storm
flows that are sampled by the Iscos, but are often missed by the grab sampling.  Grab
samples were higher in TDS and most other analytes because grab samples generally
are less diluted by storm flow than Isco samples.  Highest levels of roadway metals (Zn,
Cu, Na) were collected by the Isco samplers, but these were likely affected by desorption
of metals from suspended sediment in the sample and should be used other than to
indicate the presence of roadway runoff and suggest future research.  High nutrient
levels found in Isco samples cannot be considered accurate due to sample preservation
issues, especially allowing conversion of nitrogen species due to bacterial action and
denitrification, but these results indicate areas of concern for future research via other
methods.
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Figure 13a. Selected geochemical
parameters from grab and Isco samples at
SBNP and NUIBSP inlets and outlets
(Figure 1), including calcium (Ca),
orthophosphate (oPO4-P), ammonia (NH3-N),
nitrate (NO3-N), total dissolved solids (TDS),
total suspended solids (TSS), chloride (Cl).
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Figure 13b. Selected geochemical
parameters from grab samples at
SBNP and NUIBSP inlets and outlets
(Figure 1), including magnesium (Mg),
sodium (Na), iron (Fe), zinc (Zn), copper
(Cu), dissolved non-volatile organic carbon
(Diss NVOC), sulfate (SO4), alkalinity (Alk).
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Blank and duplicate samples
Blank and duplicate samples were collected during each round of sampling, and results
are presented in Appendix B.  In general, no adverse issues with blank samples were
identified.  Field blank samples have a small number of low-level detections, averaging 5
per sample.  Highest levels found were for dissolved NVOC (1.6 mg/l).  Almost every
sample contained low levels of Ca, total NVOC, and dissolved NVOC, and half of the
samples contained low levels of strontium (Sr), typical of deionized water produced from
calcium bicarbonate supply water used to make the field blank.  Analytes found in less
than half of the samples include Na, K, P, Mg, and NO3.  Filter materials generally
contain small amounts of Na, K, and NVOC.  While the P and NO3 detections have no
explanation, the levels were generally very low and do not affect conclusions.
For duplicate samples, no adverse issues were identified that would require revision of
conclusions or methods.  Of the 15 pairs of duplicated samples that contain results from
42 individual analytes (630 total analyte pairs compared), only 16 pairs had relative
percent differences greater than 20%.  Only 2 analytes had relative percent differences
that averaged more than 20%, including selenium (Se) and NO3; both of those were
largely affected by two detections each that were above 20% relative percent difference,
but they had many non-detections that were not included in the calculations; this places
too much emphasis on the rare detections.  Of the 16 pairs with relative percent
differences greater than 20%, 14 were at levels less than 10 times the detection limit,
which is nonoptimal for analysis and produces high percent differences for relatively
small changes in total concentration.  Of all the analytes, P had the highest number of
relative percent differences greater than 20% with five pairs; because of this, PO4 values
were substituted.  Fluorine had the second highest number of percent differences larger
than 20% with three pairs, but it was not used for any analysis in this report.  No other
analyte had more than two pairs with percent differences greater than 20%.
Comparison of CP to SBNP and NUIBSP
From the grab sample results, inputs at SBNP/NUIBSP are more affected by urban
runoff and associated pollutants than those at CP, having highest mean levels of SpC,
Na, K, NH3-N, Fe, Cu, Cl, TDS, TSS, and dissolved NVOC.  CP has a greater
groundwater input, having highest mean Ca and Mg levels and alkalinity, likely due to
runoff from urban areas diluting inputs to SBNP/NUIBSP.  CP also has stronger
agricultural impacts, with highest mean o-PO4, SO4 and NO3-N, levels, with spikes noted
during spring and fall during application and runoff periods.  Nutrient levels noted in
SBNP/NUIBSP are likely due to lawn fertilizer applications, plus some agricultural inputs
to Dead Dog Creek, which provides some runoff from agricultural areas in addition to
urban runoff.  CP also has highest mean zinc levels.
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Determination of surface-water input and output volumes at SBNP and NUIBSP 
ISGS staff measured surface-water discharge volumes at selected inputs and outputs to
SBNP and NUIBSP (Figure 1).  The purpose was to identify flows for design of output
structures and to determine the routes of flows through the preserve.  Discharges were
calculated using regression models developed at each site.  Some sites have more than
one regression line indicating variable flow regimes or a change in hydraulic conditions
over the course of the study.  Manual data, collected mostly during low-flow conditions,
are included on the regression curves for reference of where utilized for calibration.  The
calculated discharge, along with depth and velocity through time are shown for each site. 
DD ERR
DD ERR is the monitoring station for the entry point of Dead Dog Creek into SBNP. The
sensor was located on the east side of the railroad bridge in a rectilinear channel with
dolomite block walls. The bed at this location is concrete with sand and some concrete
cobbles.  Dead Dog Creek was observed to flow continuously at this location, even
during the driest episodes.  The regression line and equation for DD ERR are shown in
Figure 14, and the calculated discharge over time is shown in Figure 15. Total discharge
of 98,810,786 ft3 was calculated for the period of March 21, 2011 to May 22, 2012.  The
record at this site was complete with no major gaps.  Peak discharge was measured to
be 72 cfs during heavy rainfall in July 2011, with peak depth measured at that time of
2.9 ft.
9th St. ERR
9th St. ERR is the monitoring station for surface-water entering NUIBSP at an inlet at the
east end of 9th St. in Winthrop Harbor.  Figure 16 shows the regression line and equation
for 9th St.  ERR. On July 27, 2011 a large tree fell into the stream several feet upstream
of the sampling location; this caused the velocity downstream of the fallen tree to
decrease significantly, and was observed to be stagnant at times.  Despite the decrease
in velocity, stream level remained consistent both before and after the fallen tree
(Figure 17).  ISGS staff used the discharge data from before the tree fell to calculate
discharge afterward because no velocity data were recorded afterward and therefore no
separate regression line could be calculated.  Total discharge of 36,761,697 ft3 was
calculated for the period of March 3, 2011 to May 22, 2012 including 21,071,770 ft3
measured from March 3, 2012 to July 27, 2012 and 15,698,927 ft3 measured from July
27, 2011 until May 22, 2012.  Peak discharge was measured to be 47 cfs during heavy
rainfall in July 2011, with peak depth measured at that time of 3.2 ft.
DD 7th St.
Site DD 7th St is located on the downstream side the 7th St. culvert.  This is the location
where surface water exits SBNP and enters NUIBSP.  Very low velocities were observed
at this site, causing inaccuracies in Isco-measured velocities and subsequent
inaccuracies in Isco-calculated discharge.  It was observed often to stop flowing
completely, although stagnant water was regularly present.  Total discharge of 3,310,099
was calculated for the period of March 2011 through June 2012.  However, the
regression curve for this site gives a very low confidence r2 value (Figure 18) and ISGS
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Figure 14.  Discharge versus depth at DD ERR.  
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Figure 15. Isco depth and velocity recorded at DD ERR, Isco calculated discharge, and
precipitation recorded at Kenosha, Wisconsin.
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Figure 16.  Discharge versus depth at 9th St. ERR. 
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Figure 17. Isco depth and velocity recorded at 9th St. ERR, Isco calculated discharge, and
precipitation recorded at Kenosha, Wisconsin.
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Figure 18.  Discharge versus depth at DD 7th St. 
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staff determined that this discharge should be viewed with caution.  All Isco calculated
data are shown in Figure 19.  Water-level data from this site are considered accurate,
but were not readily attributed to specific velocities for each stage. Peak discharge was
measured to be 14 cfs during heavy rainfall in April 2011, and a peak depth of 2.5 ft
measured during heavy rainfall in April 2011.
N Exit
At N Exit, surface water exits SBNP and eventually discharges into Prairie Harbor
(Figure 1).  Total discharge of 18,308,031 ft3 was calculated for the period of March 3,
2011 to May 22, 2012 based on two different equations (Figure 20).  A polynomial
equation was derived from manual observations up to 1.25 ft depths.  A linear regression
for depths greater than 1.25 ft. was used to approximate overbank flow above 1.25 ft.  A
relatively complete record was available at this site.  Very low velocities were observed
at this site, including going completely dry in the summer of 2012.  A peak discharge of
8.6 cfs was  measured during heavy rainfall in July 2011, with peak depth measured at
that time of 2.9 ft.  Events of similar discharge and depth occurred four additional times
over the measurement period.  Depth, velocity, and calculated discharge are shown in
Figure 21.
NE Exit
The NE Exit is a 42" culvert that drains water into Prairie Harbor from a large wet prairie
in SBNP that is supplied with surface water though a poorly defined channel originating
near a segment of Dead Dog Creek (Figure 1).  Very large flows were observed, and
flow continued for weeks or months during spring and during periods of high
precipitation.  Surface water in the wetland is blocked by a roadway and drains via a
manhole into the 42" culvert.  The Isco unit at this location was operational only from
March 17, 2011 to May 27, 2011, and a total discharge of 10,588,281 ft3 was calculated
for that limited time period (Figures 22 and 23).  A peak discharge of 17 cfs was 
measured during heavy rainfall in April 2011, with peak depth measured at that time of
1.0 ft.
Water levels were recorded in a 12" culvert, located 10m west of NE Exit (Figure 1),
which is connected to the manhole exit from the wetland described above.  The pipe was
observed to be dry on most site visits, but was flowing during spring and other high
precipitation periods.  Water-level data from the 12" culvert are generally poor, likely due
to the diurnal signal of shallow water sitting in the pipe, so no discharge was calculated
at this location.  The amount of discharge would have been extremely small compared to
the NE Exit.
DD Exit LM
DD Exit LM is located 250 meters upstream of the outlet of Dead Dog Creek to Lake
Michigan.  The channel for this portion of the stream is long and straight, and carries
conjoined flow from the 9th St. and Dead Dog Creek inlets (Figure 1).  The Isco sensor is
located in a 36" culvert where Dead Dog Creek passes under a gravel service road.  A
beaver dam was removed downstream of the Isco on June 4, 2011, altering the
hydrology at DD Exit LM.  Total discharge of 64,427,484 ft3 was calculated for the period
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Figure 19. Isco depth and velocity recorded at DD 7th St., Isco calculated discharge, and
precipitation recorded at Kenosha, Wisconsin.
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Figure 20. Discharge versus depth at N Exit.  
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Figure 21. Isco depth and velocity recorded at N Exit, Isco calculated discharge, and
precipitation recorded at Kenosha, Wisconsin.
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Figure 22. Discharge versus depth at NE Exit.  
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Figure 23. Isco depth and velocity recorded at NE Exit, Isco calculated discharge, and
precipitation recorded at Kenosha, Wisconsin.
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of March 3, 2011 to May 22, 2012, utilizing two equations from the pre-dam removal
period, and two equations from the post-dam removal period (Figure 24).  During the
pre-dam removal period, no manual measurements were taken, and no single equation
could be derived to account for all pre-dam data; therefore the two equations were
calculated for each portion of the rating curve.  The post-dam discharge was calculated
with a regression equation based on Isco measurements for levels of 0 to 0.83 ft.  For
0.83 ft. and above, an equation was derived from a regression of manual measurements,
because sufficient measurements were available for this depth range.  Even though a
nearly complete record was available from this site, lack of particulates in the water
column at this sampling location commonly caused the Isco sensor to underestimate the
velocity of the stream, suggesting that the total also is underestimated.  Depth, velocity,
and calculated discharge are shown in Figure 25.  A peak discharge of 10.5 cfs was 
measured in January 2012, with peak depth measured at that time of 2.5 ft.  
Volume comparisons between inputs and outputs
For the period of March 17, 2011 to May 27, 2011, the stream discharge volumes at all
sites can be compared.  This is the interval of time for which all the Isco stations were
operational. The calculated discharges are summarized in the Table 3.  ISGS staff
calculated that the discharge from all outlets from SBNP was 83% of inlet discharge at
DD ERR.  The DD Exit to LM discharge was calculated to be 30% of inlet discharge
including 9th St. ERR and DD 7th St.  As previously mentioned, it is suspected that the
Isco at DD Exit to LM underestimated the discharges.  Also, it is likely that there was
significant interchange between surface water and groundwater in the lake plain. 
Although infiltration, groundwater discharge, changes in storage of surface water in the
lake plain, direct precipitation, and evapotranspiration were not individually evaluated,
the discharge volumes listed below include the net effects of these processes.
Table 3.  Surface-water discharges measured at Isco monitoring stations
 
System Discharge (ft3) % of DD ERR 
inputs
25,362,323 ft3
% of 9th St.  ERR and 
DD 7th St. inputs
19,142,970 ft3
DD  ERR input 25,362,101 
9th St. ERR input 15,832,880
N Exit output 7,131,943 28%
NE Exit output 10,588,281 42%
DD 7th St. output 3,310,099 13%
DD Exit LM output 5,715,409 30%
total 83% 30%
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Figure 24. Discharge versus depth at DD Exit to LM.  
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Figure 25. Isco depth and velocity recorded at DD Exit to LM, Isco calculated discharge, and
precipitation recorded at Kenosha, Wisconsin.
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Hydrologic effects from clearing the 9th St. ditch
Two wells (11-09 and 11-10) were installed to monitor changes in groundwater levels
during the clearing of the 9th St. ditch in August 2011.  In addition, surface-water levels
recorded at the Isco monitoring stations at DD Exit LM and DD 7th St. were examined to
identify any declines in surface-water levels after ditch clearing.  Furthermore, wells and
staff gauges installed by ISGS staff (Kay et al. 2010) were examined for long-term trends
related to all hydrologic restoration activities performed in 2009 through 2011 (discussed
later).  Table 4 shows mean water levels and depths to water below land surface for
selected wells before and after specific hydrologic restoration activities.
After the 9th St. culvert was cleared, key wells showed obvious declines in mean
elevation as shown on Table 4.  Well 11-09, located in a marsh directly adjacent to the
9th St. ditch, showed a mean water-level elevation decline of 45 cm.  Well 11-10, located
adjacent to the 9th St. east of the junction with Dead Dog Creek, showed a decline of 12
cm.  Given that wells distant from the restoration showed changes of up to about 10 cm
(e.g., wells 07-6s through 07-18s), changes greater than that level would be required to
detect a change that may be attributable to restoration activities. 
The calculation of mean water levels before and after the restoration of August 2011
ended in June 2012 to minimize the effects of the drought of 2012.  If levels were added
through the end of the study, the reductions observed would have been larger.  The
drought likely did not impact these water levels, because wells located distant from the
restoration did not have important declines, suggesting the impacts of the drought had
not yet occurred in the groundwater-driven lake plain prior to the end of the calculation
period.
Surface-water levels measured at two Isco stations, Exit LM and DD 7th St., were
examined for changes in mean water level after clearing of the 9th St. ditch, and found to
have decreased by 0.14 m and 0.08 m, respectively.  The decline at DD 7th St. is not
large enough to positively attribute to the restoration.  The decline at Exit LM is more
likely attributable to the June 2011 removal of a beaver dam downstream of the location
rather than upstream work on the ditch.
Long-term trends in wells and at staff gauges installed in the previous study
A number of wells and staff gauges were installed by ISGS staff in 2007 and later during
the previous study by Kay et al. (2010).  These include wells 07-1s through 07-18s and
staff gauges B through J. The locations for all wells and gauges, are shown in Figure 1.
The elevation and depth to water in these wells are shown in Figures 26 through 31.
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Figure 26. Water-level elevation in wells 1s through 5s in SBNP. Precipitation recorded at Kenosha, Wisconsin.       
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Figure 27. Depth to water below land surface at wells 1s through 5s in SBNP. Precipitation recorded at Kenosha, Wisconsin.       
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Figure 28. Water-level elevation in wells 6s through 12s in SBNP. Precipitation recorded at Kenosha, Wisconsin.  
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Figure 29.  Depth to water below land surface at wells 6s through 12s in NUIBSP.  Precipitation recorded at Kenosha, Wisconsin.   
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Figure 30. Water-level elevation in wells 11-9 and 11-10 in NUIBSP and at gauges I and J in SBNP. Precipitation recorded  
at Kenosha, Wisconsin.       
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Figure 31. Depth to water below land surface in wells 11-09 and 11-10 in NUIBSP.  Precipitation recorded at Kenosha, Wisconsin.       
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Table 4.  Water levels measured at wells, gauges, and Isco monitoring stations 
Selected
locations with
data loggers
Installation-9/17/09
(pre-restoration
period)
9/17/09-8/1/11
(period after 7th
St. cleared)
8/1/11-6/4/12 (period
after 9th St. cleared,
with end date chosen
to minimize drought
effects)
Mean water level
elevation (m)
Mean water level
elevation (m)
Mean water level
elevation (m)
07-1s 178.71 178.54 178.54
07-5s 178.68 178.63 178.29
07-9s 179.18 179.20 179.21
07-12s 179.10 179.08 179.06
07-16s 178.78 178.74 178.80
07-18s 178.68 178.58 178.61
11-9 178.53 178.08
11-10 178.05 177.93
I 179.03 178.98 178.97
J 178.79 178.93 178.84
DD 7th St. 1.79 (ft) 1.54 (ft)
DD Exit to LM 1.57 (ft) 1.10 (ft)
Well locations are discussed in a previous report (Kay et al. 2010), and data are included
here for examination of long-term trends, with comparisons before and after restoration
activities performed during the monitoring period, with selected wells summarized in
Table 4.  In general, seasonal peaks in water levels occurred during spring, with wetland
locations having standing water up to approximately 0.5 m deep for several weeks to
months at a time, depending on wetland type; wetlands on site range in wetness from
those with little or no standing water such as wet prairies to those with nearly continuous
and deep standing water such as deep marshes.  Seasonal lows occurred during mid- to
late summer, with water levels in wetlands declining to as much as 0.4 to 0.6 m below
land surface for several weeks to months prior to recovery in late winter or early spring. 
Non-wetland locations had water levels that generally peaked below land surface in
spring, and fell to as much as 1 m or more below land surface in summer.
After the 7th St. culvert was cleared in 2009, the normal seasonal variations in water
levels were mostly unchanged.  Most wells and staff gauges showed little or no change.
Only one well, 07-1s, showed a decline (17 cm) larger than declines noted in unaffected
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parts of the lake plain as noted above (Figure 9 and Figure 10).  It is not certain whether
this is attributable to the 7th St. clearing or to other smaller hydrologic restorations (e.g.,
Fall 2010 clearing of the culvert under Spring Bluff Road, which drains the area around
07-1s), or whether the period of low water levels that occurred in Fall 2010 through
Spring 2011 affected the mean calculations and no changes actually occurred.  Water
levels were low during Fall 2010  throughout the study area, although most wells had
means that did not reflect as large a decrease as 07-1s, suggesting a real change or
factors related to well maintenance.  Other wells near 07-1s also showed smaller
decreases in mean water levels (e.g., 07-5s), but the decreases were not larger than
decreases seen in unaffected areas of the lake plain or were not seen in nearby wells,
and therefore cannot be positively attributed to restoration activities.
After the clearing of the 9th St. culvert in August 2011, water levels in wells 07-01 through
07-05 appear to have decreased based on the pattern of water levels through time. 
However, mean levels only declined appreciably at 07-5s (in addition to wells 11-09
through 11-10 discussed above), which showed a decline in mean level of 34 cm;
adjacent wells showed far smaller declines.  Because levels at wells other than 07-05 did
not decline in mean level similarly, it is anticipated that the results are not related to the
restoration, and may have been caused by damage to the well during vegetation
management at that time, or specific response of the well to the climatic conditions.
Continued monitoring of the wells is needed to determine if any apparent declines are
due to drainage or due to dry climatic conditions in 2012, because mean levels may not
reflect changes in hydropatterns that may be more significant, such as declines in peak
levels or a lower amplitude of seasonal variation.  Further investigation of this well is
planned.  If continued reductions occur during normal climatic conditions, then the area
of restoration caused by the 9th St. culvert clearing may be revised.
Wells 07-6s through 07-12s are located in the northern part of SBNP, and have been
monitored since 2007.  Similar to wells 07-1s through 07-5s, regular seasonal peaks are
noted in both groundwater-level elevation (Figure 28) and depth to water below land
surface (Figure 29), with no expected or apparent long-term trends, as shown by
relatively unchanged mean levels shown in wells 07-9s and 07-12s on Table 4.  The
depth and duration of seasonal inundation differs from site to site depending on the
wetland type present at each location (see Kay et al. [2010] for details on sites and
hydropatterns of specific wetland types).
Wells 07-13s through 07-18s are located in the south part of CP, and have been
monitored since 2007.  Water-level behaviors were similar to those noted at 07-6s
through 07-12s.  No expected or apparent long-term trends were noted relative to
restoration activities as shown by relatively unchanged water levels in well 07-18s on
Table 4, although fluctuations of up to about 0.10 m are noted at 07-18s between
different periods, suggesting a lower limit on the size of an alteration that can be
detected accurately, likely due to surveying and well maintenance issues.
Gauge I is located in Dead Dog Creek at 7th St. and gauge J is located in an adjacent 
wetland (Figure 1).  Table 4 does not indicate any important decrease in mean water
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levels at I or J after clearing of the 7th St. culvert in 2009. The two gauges show that
water levels in Dead Dog Creek at gauge I were generally higher than water levels in the
adjacent wetland at gauge J, including mean and peak levels, which may be expected
given that I is upstream of J.  A short period in Spring and Summer 2010 showed a
reverse in conditions where the wetland (J) was higher than the creek (I); this reverse
seems to derive from an apparent increase in water levels in the wetland that
subsequently decreased in Summer 2010, and is apparently not related to any
hydrologic impacts.  The cause of the increase is not known, and it is not replicated in
adjacent wells or gauges, which may suggest well maintenance or surveying issues. 
After clearing of the 9th St. ditch, mean water levels at gauge I were unchanged, and
mean water levels at gauge J apparently decreased by 9 cm, although the decline
apparently began in Summer 2010 rather than after the clearing of the 9th St. ditch in
2011.  Given that no known restoration activity occurred during Summer 2010, and that
changes on the order of 0.10 m were noted at more distant wells, the decrease at gauge
J is less than the minimum change in water levels required to positively identify a change
in conditions as discussed above.  Therefore, clearing the 9th St. ditch apparently had no
measurable impacts to SBNP.
SUMMARY
Urban and agricultural development have affected the wetlands of the Illinois-Wisconsin
Lake Plain, a coastal wetland complex along the Lake Michigan shoreline in northeastern
Illinois and southeastern Wisconsin.  ISGS staff monitored the groundwater and surface-
water levels, surface-water quality, and surface-water quantity in three preserves in the
lake plain from March 2011 through August 2012, including Chiwaukee Prairie, Spring
Bluff Nature Preserve, and the Northern Unit of Illinois Beach State Park.  Specific ISGS
tasks included measurement of hydrologic and/or geochemical conditions to establish
baseline conditions or to measure success of restoration measures.
Baseline geochemical monitoring of three inlets on the western boundary of Chiwaukee
Prairie (CP) was performed with water-quality data loggers and grab sampling to identify
potential pollutants related to roadway or agricultural development.  Spikes in specific
conductivity occurred a small number of times at 116th St. during the winter and early
spring, likely due to the application of road salt along Sheridan Road and 116th St.  116th
St. had the highest mean specific conductivity of the CP inlets.  Turbidity measurements
show spikes related to precipitation events, most often at 116th St., but the data were of
poor quality.  Grab samples reveal evidence of roadway and agricultural pollutants: 116th
St. had high mean chloride readings, all three sites have a presence of copper and zinc,
and all sites had elevated agricultural inputs such as nitrate, ammonium, sulfate, and
ortho-phosphate, and total suspended solids.  Analytes such as calcium and magnesium
were elevated at CP, suggesting high groundwater inputs, although these were lower at
116th St., likely due to enhanced surface-water inputs at that location from the ditch
system draining 116th St. and Sheridan Rd.  Only ortho-phosphate levels at the 400 m S
inlet were found to exceed Illinois General Use Water Quality Standards, assuming the
inlet were flowing directly into Lake Michigan.  It should be noted that the CP sites are in
Wisconsin, and therefore Illinois standards do not apply, but are included for comparison.
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Groundwater monitoring adjacent to the ditch along the north side of 122nd St. in CP
showed that groundwater was depressed by 0.10 to 0.20 m adjacent to the ditch, and
indicated that groundwater and surface water flows from both north and south into the
ditch.  The ditch and adjacent areas have hydropatterns that, while depressed relative to
more distant wetlands, remained similar to high-quality wetlands in the drier spectrum,
such as wet prairies.  The hydropattern in the area that directly abutted the south side of
122nd St. clearly was impacted by fill from constructing the ditch and road, such that
removal would be required to restore that area.  In the wetland areas farther south of
122nd St., the hydropattern was nearly identical to high-quality wetlands north of 122nd
St., strongly suggesting that the cause of Typha sp. invasion south of 122nd St. is related
to another factor, such as water quality and/or seed source.  Given that water quality at
the 122nd St. inlet was impacted by road salt, agricultural nutrients, and sediment,
impacts to vegetation quality would be expected.  Similarly, areas of altered vegetation
near the 400m S inlet have hydropatterns that are similar to high-quality areas, and are
likely affected by the quality of surface water entering CP at that inlet.  Rerouting both
inlets away from the preserve or directly into onsite ditches would be recommended.  
Geochemical characterization of the surface-water inputs and outputs in Spring Bluff
Nature Preserve and Northern Unit Illinois Beach State Park was performed using water-
quality data loggers, and by collecting monthly grab samples and selected Isco
automated composite samples.  Spikes in specific conductivity suggest exceedances of
General Use Water Quality Standards for chloride regularly at inlets at 9th St. and
possibly once in Dead Dog Creek.  Grab samples showed elevated pollutants from
roadways, urban development, and agriculture, including road salts, copper, nitrate,
sulfate, ortho-phosphate, and total dissolved solids, with highest levels at the inputs on
the urbanized, western side of the wetland complex.  Outlets had lower nutrients and
other anthropogenically influenced analytes due to wetland processes that remove and
dilute pollutants.  Grab samples at outlets had higher mean Ca, Fe, and dissolved
NVOC, indicative of general wetland conditions, groundwater inputs, and high-quality
wetland environments.  Isco composite samples confirmed high total suspended solids at
inlets relative to outlets.  Exceedances of water quality standards also were found for
manganese and ortho-phosphate (for discharge to Lake Michigan) at the 9th St. inlet, and
for iron at the N Exit and NE Exit.  Iron is anticipated to be exported naturally from the
wetland conditions in the lake plain.  Ortho-phosphate levels reduced below standards
prior to exit to Lake Michigan, showing the geochemical functioning of the wetlands in
the lake plain.
Water volume of surface-water inputs and outputs was measured at Spring Bluff Nature
Preserve and Northern Unit of Illinois Beach State Park.  Discharge for each site was
calculated using regression models developed from discharge versus depth graphs, with
supplemental manual measurements.  ISGS staff found that 83% of discharge entering
SBNP at DD ERR was measured at the outlets, but only 30% of discharge entering
NUIBSP at 9th St. ERR and DD 7th St. discharged at DD Exit to LM.  It is likely that
discharge at DD Exit to LM was underestimated due to instrumentation issues.  Almost
half of the discharge from SBNP exited via the NE Exit and associated manhole, with
about a third exiting via the N Exit, and the remainder exiting via DD 7th St. or unknown.
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Restoration activities performed during the study period included clearing the 9th St.
ditch, which reduced surface water and groundwater levels in wetlands adjacent to the
ditch.  Water levels in parts of NUIBSP declined by as much as 0.45 m at 11-09, with
less impacts in other limited areas.  No clear reductions in water levels were noted in
SBNP, although some small or inconsistent declines were noted and require additional
confirmation.  Hydropattern changes were noted but may be related to climate or other
issues, and need further monitoring for confirmation.  Changes in climatic conditions and
issues with well maintenance and surveying accuracy created sufficient uncertainty that
only larger reductions could be detected.
Long-term trends in groundwater levels were examined for impacts caused by hydrologic
restorations performed in 2009 and 2011.  In addition to the impacts noted above, some
reductions in groundwater levels may have occurred near well 07-1s after clearing of the
7th St. culvert in 2009, but the impacts were inconsistent or not clear.  No other
hydrologic impacts from restoration activities were positively determined.
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Appendix A: Results of Laboratory Analysis of Water Samples Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Date Collected Time Collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.037 0.11 0.023 0.00085 0.00055 0.029 0.012 0.013 0.0058 0.00079 0.024 0.02 0.11 0.03 0.00 0.022 0.03 0.04 0.07 0.04 0.22
4/11/11 7:49 1220 8.0 116th St. grab TOLLWAY 812 <0.037 <0.11 0.08 0.04 <0.00055 107.00 <0.012 <0.013 <0.0058 0.00119 <0.024 2.41 <0.11 44.50 0.02 <0.022 104.00 <0.043 0.14 <0.041 50.10
5/9/11 8:14 1127 8.0 116th St. grab TOLLWAY 856 <0.037 <0.11 0.07 0.04 <0.00055 97.70 <0.012 <0.013 <0.0058 0.00138 <0.024 2.00 <0.11 39.00 0.01 <0.022 91.70 <0.043 0.14 <0.041 38.60
6/7/11 8:17 1124 7.5 116th St. grab TOLLWAY 918 <0.037 <0.11 0.08 0.04 <0.00055 91.60 <0.012 <0.013 <0.0058 0.00105 <0.024 1.84 <0.11 34.20 0.03 <0.022 94.60 <0.043 0.20 <0.041 34.30
7/6/11 8:07 1199 8.0 116th St. grab TOLLWAY 978 <0.037 <0.11 0.09 0.04 <0.00055 106.00 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.51 <0.11 42.70 0.05 <0.022 96.90 <0.043 0.17 <0.041 38.50
7/6/11 8:07 1199 8.0 116th St. grab TOLLWAY 979 <0.037 <0.11 0.09 0.04 <0.00055 104.00 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.51 <0.11 42.10 0.04 <0.022 96.40 <0.043 0.20 <0.041 37.90
8/2/11 8:29 1183 8.0 116th St. grab TOLLWAY 1023 <0.037 <0.11 0.10 0.04 <0.00055 103.78 <0.012 <0.013 <0.0058 0.00134 <0.024 1.94 <0.11 40.48 0.05 <0.022 94.24 <0.043 0.15 <0.041 34.58
8/30/11 7:57 1254 8.3 116th St. grab TOLLWAY 1082 <0.037 <0.11 0.09 0.04 <0.00055 100.95 <0.012 <0.013 <0.0058 0.0013102 0.025 1.68 <0.11 40.52 0.06 <0.022 113.24 <0.043 0.13 <0.041 35.71
9/27/11 14:07 816 7.9 116th St. grab TOLLWAY 1128 0.2513101 <0.11 0.08 0.03 <0.00055 68.19 <0.012 <0.013 <0.0058 0.0010701 0.352 3.07 <0.11 25.74 0.03 <0.022 69.06 <0.043 0.13 <0.041 22.27
10/25/11 6:45 1221 8.3 116th St. grab TOLLWAY 1193 <0.037 <0.11 0.10 0.04 <0.00055 91.34 <0.012 <0.013 <0.0058 0.00097 0.038 1.98 <0.11 36.96 0.03 <0.022 112.48 <0.043 0.19 <0.041 34.73
11/29/11 9:04 1216 8.2 116th St. grab TOLLWAY 1253 <0.037 <0.11 0.08 0.04 <0.00055 111.75 <0.012 <0.013 <0.0058 <0.00079 0.028 2.11 <0.11 47.47 0.02 <0.022 92.37 <0.043 0.15 <0.041 48.38
1/4/12 9:17 1220 7.6 116th St. grab TOLLWAY 1312 <0.037 <0.11 0.07 0.04 <0.00055 116.79 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.98 <0.11 49.11 0.02 <0.022 100.00 <0.043 0.15 <0.041 49.17
1/31/12 9:27 1213 7.5 116th St. grab TOLLWAY 1372 <0.037 <0.11 0.07 0.04 <0.00055 102.41 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.70 <0.11 43.73 0.01 <0.022 84.83 <0.043 0.12 <0.041 42.19
2/28/12 11:36 1184 7.7 116th St. grab TOLLWAY 1437 <0.037 <0.11 0.07 0.04 <0.00055 109.78 <0.012 <0.013 <0.0058 <0.00079 0.026 1.63 <0.11 46.53 0.01 <0.022 85.21 <0.043 0.16 <0.041 48.86
3/27/12 10:09 1065 7.8 116th St. grab TOLLWAY 1490 <0.037 <0.11 0.07 0.04 <0.00055 100.34 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.74 <0.11 42.00 0.02 <0.022 81.94 <0.043 0.21 <0.041 40.13
4/23/12 12:25 1101 8.1 116th St. grab TOLLWAY 1547 <0.037 <0.11 0.07 0.04 <0.00055 100.29 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.66 <0.11 43.22 0.02 <0.022 83.05 <0.043 0.17 <0.041 42.38
5/22/12 12:54 1135 7.9 116th St. grab TOLLWAY 1613 <0.037 <0.11 0.08 0.04 <0.00055 94.74 <0.012 <0.013 <0.0058 0.00128 <0.024 1.60 <0.11 38.76 0.02 <0.022 86.11 <0.043 0.17 <0.041 35.22
min 816 7.5 0.25 0.00 0.07 0.03 0.00 68.19 0.00 0.00 0.00 0.00 0.025 1.51 0.00 25.74 0.01 0.00 69.06 0.00 0.12 0.00 22.27
max 1254 8.3 0.25 0.00 0.10 0.04 0.00 116.79 0.00 0.00 0.00 0.00 0.352 3.07 0.00 49.11 0.06 0.00 113.24 0.00 0.21 0.00 50.10
mean 1155 7.9 0.25 NA 0.08 0.04 NA 100.42 NA NA NA 0.00 0.094 1.90 NA 41.06 0.03 NA 92.88 NA 0.16 NA 39.56
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Date Collected Time Collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.059 0.13 0.066 0.086 0.00037 0.00056 0.017 0.047 0.0097 4 12.00 3.00 0.00 0.03 0.08 0.09 0.07 0.31 0.31 0.31
4/11/11 7:49 1220 8.0 116th St. grab TOLLWAY 812 <0.059 <0.13 3.54 <0.086 0.55 <0.00056 <0.017 <0.047 <0.0097 7.9 269 740.00 <3.0 0.01 0.08 0.40 150.00 0.53 142.00 6.45 6.23
5/9/11 8:14 1127 8.0 116th St. grab TOLLWAY 856 <0.059 <0.13 3.38 <0.086 0.46 <0.00056 <0.017 <0.047 <0.0097 8.1 266 675.00 5.20 0.01 0.08 0.44 146.00 0.76 109.00 4.90 4.34
6/7/11 8:17 1124 7.5 116th St. grab TOLLWAY 918 <0.059 <0.13 4.73 <0.086 0.47 <0.00056 <0.017 <0.047 <0.0097 8.0 277 673.00 5.20 0.01 0.14 0.43 141.00 0.95 100.00 5.32 4.85
7/6/11 8:07 1199 8.0 116th St. grab TOLLWAY 978 <0.059 <0.13 7.19 <0.086 0.55 <0.00056 <0.017 <0.047 <0.0097 8.1 300 702.00 5.20 0.02 <0.03 0.31 138.00 0.37 103.00 6.90 5.99
7/6/11 8:07 1199 8.0 116th St. grab TOLLWAY 979 <0.059 <0.13 7.09 <0.086 0.54 <0.00056 <0.017 <0.047 <0.0097 8.1 301 693.00 0.02 <0.03 0.29 138.00 0.37 103.00 7.19 5.94
8/2/11 8:29 1183 8.0 116th St. grab TOLLWAY 1023 <0.059 <0.13 7.44 <0.086 0.53 <0.00056 <0.017 <0.047 <0.0097 8.0 310 667.00 <3.0 0.03 <0.03 0.47 129.34 0.37 98.90 6.11 5.64
8/30/11 7:57 1254 8.3 116th St. grab TOLLWAY 1082 <0.059 <0.13 7.96 <0.086 0.52 <0.00056 <0.017 <0.047 <0.0097 8.2 315 717.00 <3.0 0.03 <0.03 0.44 152.67 0.15 102.02 5.01 4.71
9/27/11 14:07 816 7.9 116th St. grab TOLLWAY 1128 <0.059 <0.13 6.08 <0.086 0.33 0.0104917 0.020 <0.047 0.020 8.1 213 496.00 5.60 0.03 <0.03 0.33 95.74 0.67 65.14 8.17 7.38
10/25/11 6:45 1221 8.3 116th St. grab TOLLWAY 1193 <0.059 <0.13 7.03 <0.086 0.46 <0.00056 <0.017 <0.047 <0.0097 8.2 306 716.00 <3.0 0.01 <0.03 0.48 161.79 0.20 97.74 4.57 4.60
11/29/11 9:04 1216 8.2 116th St. grab TOLLWAY 1253 <0.059 <0.13 7.08 <0.086 0.52 <0.00056 <0.017 <0.047 <0.0097 7.9 317 741.00 <3.0 0.02 <0.03 0.43 141.53 0.17 128.97 6.52 6.25
1/4/12 9:17 1220 7.6 116th St. grab TOLLWAY 1312 <0.059 <0.13 6.54 <0.086 0.56 <0.00056 0.022 <0.047 <0.0097 8.0 325 751.00 <3.0 0.01 <0.03 0.39 144.72 0.38 135.20 5.21 5.27
1/31/12 9:27 1213 7.5 116th St. grab TOLLWAY 1372 <0.059 <0.13 5.65 <0.086 0.47 <0.00056 <0.017 <0.047 <0.0097 7.9 290 701.00 <3.0 0.01 <0.03 0.38 143.27 0.50 128.67 5.49 5.30
2/28/12 11:36 1184 7.7 116th St. grab TOLLWAY 1437 <0.059 <0.13 5.51 <0.086 0.52 <0.00056 <0.017 <0.047 <0.0097 8.0 299 730.00 <3.0 0.01 <0.03 0.38 148.69 0.46 135.68 4.11 4.03
3/27/12 10:09 1065 7.8 116th St. grab TOLLWAY 1490 <0.059 <0.13 5.91 <0.086 0.50 <0.00056 <0.017 <0.047 <0.0097 8.0 299 750.00 <3.0 0.02 <0.03 0.42 132.22 0.70 121.58 4.71 4.65
4/23/12 12:25 1101 8.1 116th St. grab TOLLWAY 1547 <0.059 <0.13 5.53 <0.086 0.53 <0.00056 <0.017 <0.047 <0.0097 8.0 301 702.00 8.00 0.01 <0.03 0.40 135.97 0.74 115.65 5.57 5.12
5/22/12 12:54 1135 7.9 116th St. grab TOLLWAY 1613 <0.059 <0.13 5.90 <0.086 0.51 <0.00056 <0.017 <0.047 <0.0097 8.1 306 688.00 <3.0 0.01 <0.03 0.39 127.23 0.74 109.68 5.98 5.73
min 816 7.5 0.00 0.00 3.38 0.00 0.33 0.01 0.020 0.000 0.020 7.9 213 496.00 5.20 0.01 0.08 0.29 95.74 0.15 65.14 4.11 4.03
max 1254 8.3 0.00 0.00 7.96 0.00 0.56 0.01 0.022 0.000 0.020 8.2 325 751.00 8.00 0.03 0.14 0.48 161.79 0.95 142.00 8.17 7.38
mean 1155 7.9 NA NA 6.03 NA 0.50 0.01 0.021 NA 0.020 8.0 293 696.38 5.84 0.02 0.10 0.40 139.14 0.50 112.26 5.76 5.38
61
Appendix A: Results of Laboratory Analysis of Water Samples Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Date collected Time collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.037 0.11 0.023 0.00085 0.00055 0.029 0.012 0.013 0.0058 0.00079 0.024 0.02 0.11 0.03 0.00 0.022 0.03 0.04 0.07 0.04 0.22
4/11/2011 8:16 953 8.0 400m S grab TOLLWAY 813 <0.037 <0.11 0.064 0.039 <0.00055 125.000 <0.012 <0.013 <0.0058 0.001 <0.024 1.28 <0.11 51.60 0.01 <0.022 25.80 <0.043 0.11 <0.041 71.50
5/9/2011 9:18 915 7.8 400m S grab TOLLWAY 857 <0.037 <0.11 0.066 0.037 <0.00055 113.000 <0.012 <0.013 <0.0058 0.001 <0.024 1.40 <0.11 47.90 0.02 <0.022 26.80 <0.043 0.17 <0.041 61.20
6/7/2011 11:18 1002 7.7 400m S grab TOLLWAY 920 <0.037 <0.11 0.081 0.041 <0.00055 119.000 <0.012 <0.013 <0.0058 0.001 0.026 2.02 <0.11 50.00 0.04 <0.022 36.50 <0.043 0.17 <0.041 66.00
7/6/2011 9:01 1030 8.2 400m S grab TOLLWAY 980 <0.037 <0.11 0.090 0.038 <0.00055 123.000 <0.012 <0.013 <0.0058 <0.00079 0.036 2.50 <0.11 49.60 0.07 <0.022 39.50 <0.043 0.23 <0.041 55.50
8/2/2011 9:00 1084 8.0 400m S grab TOLLWAY 1024 <0.037 <0.11 0.089 0.047 <0.00055 123.236 <0.012 <0.013 <0.0058 0.001 0.054 2.34 <0.11 49.10 0.08 <0.022 35.35 <0.043 0.19 <0.041 52.83
8/30/2011 8:36 831 8.3 400m S grab TOLLWAY 1083 <0.037 <0.11 0.074 0.036 <0.00055 94.756 <0.012 <0.013 <0.0058 0.001 <0.024 3.18 <0.11 37.60 0.02 <0.022 25.84 <0.043 0.15 <0.041 38.16
9/27/2011 13:37 460 7.9 400m S grab TOLLWAY 1127 <0.037 <0.11 0.066 0.023 <0.00055 53.791 <0.012 <0.013 <0.0058 0.001 0.052 2.52 <0.11 22.08 0.01 <0.022 10.07 <0.043 0.14 <0.041 25.15
10/25/2011 7:51 981 8.1 400m S grab TOLLWAY 1194 <0.037 <0.11 0.102 0.044 <0.00055 112.181 <0.012 <0.013 <0.0058 0.001 0.068 2.64 <0.11 48.94 0.07 <0.022 29.15 <0.043 0.17 <0.041 55.58
11/29/2011 9:54 1084 8.0 400m S grab TOLLWAY 1256 <0.037 <0.11 0.077 0.047 <0.00055 139.961 <0.012 <0.013 <0.0058 <0.00079 0.037 1.54 <0.11 58.51 0.10 <0.022 32.49 <0.043 0.19 <0.041 78.28
1/4/2012 10:18 1055 7.3 400m S grab TOLLWAY 1314 <0.037 <0.11 0.066 0.045 <0.00055 141.209 <0.012 <0.013 <0.0058 <0.00079 0.048 1.50 <0.11 59.21 0.06 <0.022 32.66 <0.043 0.18 <0.041 81.25
1/31/2012 10:13 971 7.7 400m S grab TOLLWAY 1373 <0.037 <0.11 0.056 0.037 <0.00055 107.264 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.27 <0.11 46.67 0.04 <0.022 33.92 <0.043 0.17 <0.041 54.47
2/28/2012 11:09 911 7.8 400m S grab TOLLWAY 1436 <0.037 <0.11 0.062 0.036 <0.00055 113.897 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.12 <0.11 48.32 0.02 <0.022 23.94 <0.043 0.14 <0.041 61.76
3/27/2012 10:44 867 7.9 400m S grab TOLLWAY 1491 <0.037 <0.11 0.069 0.038 <0.00055 112.918 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.13 <0.11 46.98 0.03 <0.022 22.90 <0.043 0.15 <0.041 60.90
4/23/2012 12:59 922 8.0 400m S grab TOLLWAY 1548 <0.037 <0.11 0.066 0.041 <0.00055 123.502 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.29 <0.11 54.14 0.03 <0.022 27.77 <0.043 0.18 <0.041 65.19
5/22/12 13:17 1010 7.9 400m S grab TOLLWAY 1614 <0.037 <0.11 0.069 0.040 <0.00055 117.041 <0.012 <0.013 <0.0058 0.001 <0.024 1.98 <0.11 49.63 0.04 <0.022 32.26 <0.043 0.18 <0.041 55.02
min 460 7.3 0.000 0.000 0.056 0.023 0.000 53.791 0.000 0.000 0.000 0.001 0.026 1.12 0.00 22.08 0.01 0.000 10.07 0.00 0.11 0.00 25.15
max 1084 8.3 0.000 0.000 0.102 0.047 0.000 141.209 0.000 0.000 0.000 0.001 0.068 3.18 0.00 59.21 0.10 0.000 39.50 0.00 0.23 0.00 81.25
mean 938.4 7.9 NA NA 0.073 0.039 NA 114.650 NA NA NA 0.001 0.046 1.85 NA 48.02 0.04 NA 29.00 NA 0.17 NA 58.85
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Date collected Time collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.059 0.13 0.066 0.086 0.00037 0.00056 0.017 0.047 0.0097 4 12.00 3.00 0.00 0.03 0.08 0.09 0.07 0.31 0.31 0.31
4/11/2011 8:16 953 8.0 400m S grab TOLLWAY 813 <0.059 <0.13 5.850 <0.086 0.543 <0.00056 <0.017 <0.047 <0.0097 7.9 266.000 654.00 <3.0 0.02 0.04 0.380 37.40 3.71 198.00 6.24 6.58
5/9/2011 9:18 915 7.8 400m S grab TOLLWAY 857 <0.059 <0.13 4.870 <0.086 0.485 <0.00056 <0.017 <0.047 <0.0097 8.1 275.000 610.00 6.80 0.01 0.14 0.410 38.80 3.46 165.00 5.29 4.54
6/7/2011 11:18 1002 7.7 400m S grab TOLLWAY 920 <0.059 <0.13 7.130 <0.086 0.499 <0.00056 <0.017 <0.047 <0.0097 8.0 308.000 674.00 5.60 0.03 0.21 0.390 46.60 2.74 175.00 7.22 7.08
7/6/2011 9:01 1030 8.2 400m S grab TOLLWAY 980 <0.059 <0.13 9.890 <0.086 0.553 <0.00056 <0.017 <0.047 <0.0097 8.1 317.000 656.00 12.40 0.05 0.03 0.260 51.30 3.62 150.00 12.60 8.82
8/2/2011 9:00 1084 8.0 400m S grab TOLLWAY 1024 <0.059 <0.13 8.882 <0.086 0.501 <0.00056 <0.017 <0.047 <0.0097 8.0 330.785 680.00 11.20 0.07 <0.03 0.403 53.18 2.81 154.98 9.39 7.97
8/30/2011 8:36 831 8.3 400m S grab TOLLWAY 1083 <0.059 <0.13 8.606 <0.086 0.341 <0.00056 <0.017 <0.047 <0.0097 8.1 248.606 522.00 40.80 0.04 <0.03 0.365 35.61 7.41 111.91 7.84 5.12
9/27/2011 13:37 460 7.9 400m S grab TOLLWAY 1127 <0.059 <0.13 4.390 <0.086 0.233 <0.00056 <0.017 <0.047 <0.0097 7.8 130.503 303.00 6.80 0.06 <0.03 0.282 18.80 1.66 75.49 10.86 9.46
10/25/2011 7:51 981 8.1 400m S grab TOLLWAY 1194 <0.059 <0.13 7.589 <0.086 0.616 <0.00056 <0.017 <0.047 <0.0097 8.0 315.575 647.00 <3.0 0.02 <0.03 0.458 45.57 2.13 160.85 6.06 5.85
11/29/2011 9:54 1084 8.0 400m S grab TOLLWAY 1256 <0.059 <0.13 7.138 <0.086 0.595 <0.00056 <0.017 <0.047 <0.0097 7.9 334.571 730.00 4.80 0.02 <0.03 0.418 51.03 1.94 211.19 6.39 6.22
1/4/2012 10:18 1055 7.3 400m S grab TOLLWAY 1314 <0.059 <0.13 6.805 <0.086 0.614 <0.00056 0.024 <0.047 <0.0097 8.0 322.133 743.00 <3.0 0.01 0.03 0.386 45.35 2.76 223.48 5.98 5.68
1/31/2012 10:13 971 7.7 400m S grab TOLLWAY 1373 <0.059 <0.13 5.836 <0.086 0.463 <0.00056 <0.017 <0.047 <0.0097 8.0 268.682 614.00 <3.0 0.02 <0.03 0.339 55.47 3.49 170.26 5.11 4.77
2/28/2012 11:09 911 7.8 400m S grab TOLLWAY 1436 <0.059 0.200 5.911 <0.086 0.484 <0.00056 <0.017 <0.047 <0.0097 8.0 265.741 611.00 <3.0 0.02 <0.03 0.372 39.02 4.51 173.24 3.64 3.65
3/27/2012 10:44 867 7.9 400m S grab TOLLWAY 1491 <0.059 <0.13 6.176 <0.086 0.467 <0.00056 <0.017 <0.047 <0.0097 8.1 285.251 647.00 <3.0 0.02 <0.03 0.382 34.83 3.40 176.84 4.94 4.62
4/23/2012 12:59 922 8.0 400m S grab TOLLWAY 1548 <0.059 <0.13 6.771 <0.086 0.545 <0.00056 <0.017 <0.047 <0.0097 8.0 299.176 675.00 6.00 0.02 <0.03 0.369 39.54 2.94 178.13 6.10 5.17
5/22/12 13:17 1010 7.9 400m S grab TOLLWAY 1614 <0.059 <0.13 7.826 <0.086 0.483 <0.00056 <0.017 <0.047 0.010 8.1 306.059 688.00 <3.0 0.03 <0.03 0.342 55.51 3.69 167.62 7.44 6.47
min 460 7.3 0.000 0.200 4.390 0.000 0.233 0.000 0.024 0.000 0.010 7.8 130.503 303.00 4.80 0.01 0.03 0.260 18.80 1.66 75.49 3.64 3.65
max 1084 8.3 0.000 0.200 9.890 0.000 0.616 0.000 0.024 0.000 0.010 8.1 334.571 743.00 40.80 0.07 0.21 0.458 55.51 7.41 223.48 12.60 9.46
mean 938.4 7.9 NA 0.200 6.911 NA 0.495 NA 0.024 NA 0.010 8.0 284.872 630.27 11.80 0.03 0.09 0.370 43.20 3.35 166.13 7.01 6.13
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Appendix A: Results of Laboratory Analysis of Water Samples Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Date Collected Time Collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.037 0.11 0.023 0.001 0.00055 0.0 0.012 0.013 0.0058 0.00079 0.024 0.02 0.11 0.03 0.00 0.022 0.03 0.04 0.07 0.04 0.22
4/11/2011 8:49 1110 7.9 122nd St. grab TOLLWAY 814 <0.037 <0.11 0.093 0.033 <0.00055 137.0 <0.012 <0.013 <0.0058 0.00145 0.059 2.02 <0.11 58.50 0.03 <0.022 33.50 <0.043 0.12 <0.041 95.50
5/9/2011 9:51 1007 7.7 122nd St. grab TOLLWAY 858 <0.037 <0.11 0.087 0.031 <0.00055 126.0 <0.012 <0.013 <0.0058 0.00151 <0.024 1.86 <0.11 52.10 0.00 <0.022 30.50 <0.043 0.15 <0.041 82.00
6/7/2011 10:33 965 7.3 122nd St. grab TOLLWAY 919 <0.037 <0.11 0.106 0.033 <0.00055 115.0 <0.012 <0.013 <0.0058 0.00171 0.028 2.11 <0.11 49.10 0.08 <0.022 30.80 <0.043 0.19 <0.041 73.20
7/6/2011 10:13 839 7.8 122nd St. grab TOLLWAY 981 <0.037 <0.11 0.119 0.028 <0.00055 103.0 <0.012 <0.013 <0.0058 <0.00079 0.041 1.61 <0.11 42.50 0.03 <0.022 21.80 <0.043 0.21 <0.041 48.20
8/2/2011 10:03 1127 7.7 122nd St. grab TOLLWAY 1025 <0.037 <0.11 0.123 0.039 <0.00055 134.8 <0.012 <0.013 <0.0058 0.00182 0.034 2.30 <0.11 55.33 0.11 <0.022 31.03 <0.043 0.19 <0.041 78.13
9/27/2011 13:04 966 7.6 122nd St. grab TOLLWAY 1126 <0.037 <0.11 0.127 0.032 <0.00055 117.7 <0.012 <0.013 <0.0058 0.00119 0.144 3.10 <0.11 47.48 0.05 <0.022 25.08 <0.043 0.08 <0.041 75.55
10/25/2011 8:56 1147 7.9 122nd St. grab TOLLWAY 1195 <0.037 <0.11 0.119 0.037 <0.00055 130.7 <0.012 <0.013 <0.0058 0.00203 0.040 2.66 <0.11 58.53 0.07 <0.022 36.25 <0.043 0.15 <0.041 87.83
11/29/2011 10:17 1163 7.8 122nd St. grab TOLLWAY 1257 <0.037 <0.11 0.106 0.035 <0.00055 141.8 <0.012 <0.013 <0.0058 0.00115 0.093 1.79 <0.11 61.13 0.09 <0.022 35.23 <0.043 0.16 <0.041 99.69
1/4/2012 9:51 1192 7.3 122nd St. grab TOLLWAY 1313 <0.037 <0.11 0.088 0.035 <0.00055 149.3 <0.012 <0.013 <0.0058 0.00081 0.034 2.40 <0.11 65.26 0.05 <0.022 39.35 <0.043 0.21 <0.041 103.62
1/31/2012 10:13 1132 7.7 122nd St. grab TOLLWAY 1374 <0.037 <0.11 0.082 0.031 <0.00055 130.6 <0.012 <0.013 <0.0058 0.00130 0.070 1.72 <0.11 57.28 0.04 <0.022 34.54 <0.043 0.19 <0.041 84.82
2/28/2012 11:29 1092 7.5 122nd St. grab TOLLWAY 1438 <0.037 <0.11 0.085 0.031 <0.00055 138.2 <0.012 <0.013 <0.0058 <0.00079 0.097 1.65 <0.11 59.43 0.03 <0.022 32.83 <0.043 0.17 <0.041 92.44
3/27/2012 11:09 989 7.6 122nd St. grab TOLLWAY 1492 <0.037 <0.11 0.086 0.031 <0.00055 124.7 <0.012 <0.013 <0.0058 <0.00079 0.038 1.74 <0.11 52.85 0.03 <0.022 29.82 <0.043 0.19 <0.041 82.10
4/23/2012 13:28 939 7.8 122nd St. grab TOLLWAY 1549 <0.037 <0.11 0.084 0.032 <0.00055 127.6 <0.012 <0.013 <0.0058 <0.00079 0.043 2.04 <0.11 56.17 0.05 <0.022 31.74 <0.043 0.15 <0.041 87.60
min 839 7.3 0 0 0.082 0.028 0 103.0 0 0 0 0.00081 0.028 1.61 0.00 42.50 0.00 0 21.80 0.00 0.08 0.00 48.20
max 1192 7.9 0 0 0.127 0.039 0 149.3 0 0 0 0.00203 0.144 3.10 0.00 65.26 0.11 0 39.35 0.00 0.21 0.00 103.62
mean 1051 7.7 NA NA 0.100 0.033 NA 128.9 NA NA NA 0.00144 0.060 2.08 NA 55.05 0.05 NA 31.73 NA 0.17 83.90
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Date Collected Time Collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.059 0.13 0.07 0.086 0.00037 0.00056 0.017 0.047 0.0097 4 12.00 3.00 0.00 0.03 0.08 0.09 0.07 0.31 0.31 0.31
4/11/2011 8:49 1110 7.9 122nd St. grab TOLLWAY 814 <0.059 <0.13 5.04 <0.086 0.602 <0.00056 <0.017 <0.047 <0.0097 7.7 262 836.00 <3.0 0.01 0.03 0.37 56.60 3.01 266.00 5.84 5.84
5/9/2011 9:51 1007 7.7 122nd St. grab TOLLWAY 858 <0.059 <0.13 4.58 <0.086 0.519 <0.00056 <0.017 <0.047 0.0142 7.9 251 702.00 <3.0 0.01 0.06 0.40 49.90 2.47 225.00 4.89 4.41
6/7/2011 10:33 965 7.3 122nd St. grab TOLLWAY 919 <0.059 <0.13 6.02 <0.086 0.515 <0.00056 <0.017 <0.047 <0.0097 7.8 261 638.00 4.40 0.01 0.10 0.40 46.00 3.02 193.00 6.18 5.95
7/6/2011 10:13 839 7.8 122nd St. grab TOLLWAY 981 <0.059 <0.13 6.71 <0.086 0.419 <0.00056 <0.017 <0.047 <0.0097 7.9 245 526.00 16.00 0.02 0.05 0.26 33.40 4.47 129.00 8.83 5.37
8/2/2011 10:03 1127 7.7 122nd St. grab TOLLWAY 1025 <0.059 <0.13 7.18 <0.086 0.560 <0.00056 <0.017 <0.047 <0.0097 7.7 283 744.00 30.40 0.02 <0.03 0.45 55.16 2.24 227.25 9.57 7.40
9/27/2011 13:04 966 7.6 122nd St. grab TOLLWAY 1126 <0.059 <0.13 5.87 <0.086 0.458 <0.00056 0.022 <0.047 <0.0097 7.8 227 662.00 6.40 0.01 <0.03 0.35 48.63 1.92 223.10 8.72 7.44
10/25/2011 8:56 1147 7.9 122nd St. grab TOLLWAY 1195 <0.059 <0.13 5.93 <0.086 0.574 <0.00056 <0.017 <0.047 <0.0097 7.8 285 779.00 6.80 0.01 <0.03 0.46 63.91 2.04 254.19 6.28 5.81
11/29/2011 10:17 1163 7.8 122nd St. grab TOLLWAY 1257 <0.059 <0.13 5.55 <0.086 0.557 <0.00056 0.032 <0.047 <0.0097 7.8 284 789.00 <3.0 0.01 <0.03 0.41 65.91 2.14 274.29 7.45 5.70
1/4/2012 9:51 1192 7.3 122nd St. grab TOLLWAY 1313 <0.059 <0.13 5.51 <0.086 0.594 <0.00056 <0.017 <0.047 <0.0097 7.7 295 841.00 <3.0 0.01 <0.03 0.36 65.43 2.24 295.20 5.51 5.42
1/31/2012 10:13 1132 7.7 122nd St. grab TOLLWAY 1374 <0.059 <0.13 4.72 <0.086 0.522 <0.00056 <0.017 <0.047 <0.0097 7.8 265 758.00 <3.0 0.01 <0.03 0.37 60.93 2.15 262.32 5.17 5.05
2/28/2012 11:29 1092 7.5 122nd St. grab TOLLWAY 1438 <0.059 0.17 4.87 <0.086 0.539 <0.00056 <0.017 <0.047 <0.0097 7.8 277 759.00 <3.0 0.01 <0.03 0.34 59.14 2.61 259.56 3.88 3.97
3/27/2012 11:09 989 7.6 122nd St. grab TOLLWAY 1492 <0.059 <0.13 5.24 <0.086 0.500 <0.00056 <0.017 <0.047 0.0108 8.0 272 737.00 <3.0 0.01 <0.03 0.41 52.89 2.57 240.64 4.66 4.54
4/23/2012 13:28 939 7.8 122nd St. grab TOLLWAY 1549 <0.059 <0.13 5.41 <0.086 0.536 <0.00056 <0.017 <0.047 <0.0097 7.9 275 767.00 3.60 0.01 <0.03 0.40 49.02 2.23 244.01 8.03 5.86
min 839 7.3 0 0.17 4.58 0 0.419 0 0.022 0 0.0108 7.7 227 526.00 3.60 0.01 0.03 0.26 33.40 1.92 129.00 3.88 3.97
max 1192 7.9 0 0.17 7.18 0 0.602 0 0.032 0 0.0142 8.0 295 841.00 30.40 0.02 0.10 0.46 65.91 4.47 295.20 9.57 7.44
mean 1051 7.7 NA 0.17 5.59 NA 0.530 NA 0.027 NA 0.0125 7.8 268 733.69 11.27 0.01 0.06 0.38 54.38 2.55 237.97 6.54 5.60
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Appendix A: Results of Laboratory Analysis of Water Samples Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Date Collected Time Collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
MDL: 0.037 0.11 0.023 0.00085 0.00055 0.029 0.012 0.013 0.0058 0.00079 0.024 0.02 0.11 0.03 0.00 0.022 0.03 0.04 0.07 0.04 0.22
4/11/2011 12:40 1309 8.0 9th St. ISCO TOLLWAY 816 <0.037 <0.11 0.099 0.050 <0.00055 70.3 <0.012 <0.013 <0.0058 0.0009 0.074 2.73 <0.11 28.80 0.13 <0.022 159.00 <0.043 0.16 <0.041 27.70
5/9/2011 15:00 1001 7.7 9th St. ISCO TOLLWAY 864 0.045 <0.11 0.067 0.035 <0.00055 60.7 <0.012 <0.013 <0.0058 0.0021 0.229 2.23 <0.11 24.50 0.01 <0.022 114.00 <0.043 0.20 <0.041 20.30
6/8/2011 8:50 NA NA 9th St. ISCO TOLLWAY 937 <0.037 <0.11 0.111 0.041 <0.00055 63.7 <0.012 <0.013 <0.0058 0.0010 0.039 3.81 <0.11 29.90 0.11 <0.022 142.00 <0.043 0.34 <0.041 24.20
7/6/2011 NA NA NA 9th St. ISCO TOLLWAY 991 <0.037 <0.11 0.254 1.050 <0.00055 57.4 <0.012 <0.013 <0.0058 <0.00079 0.216 5.60 <0.11 24.00 1.02 <0.022 161.00 <0.043 0.26 <0.041 16.00
8/2/2011 12:28 497 8.8 9th St. ISCO TOLLWAY 1041 <0.037 <0.11 0.074 0.030 <0.00055 41.0 <0.012 <0.013 <0.0058 0.0028 0.058 3.37 <0.11 16.77 0.06 <0.022 30.37 <0.043 0.19 <0.041 11.56
min 497 7.7 0.045 0 0.067 0.030 0 41.0 0 0 0 0.0009 0.039 2.23 0.00 16.77 0.01 0 30.37 0.00 0.16 0.00 11.56
max 1309 8.8 0.045 0 0.254 1.050 0 70.3 0 0 0 0.0028 0.229 5.60 0.00 29.90 1.02 0 161.00 0.00 0.34 0.00 27.70
mean 936 8.2 0.045 NA 0.121 0.241 NA 58.6 NA NA NA 0.0017 0.123 3.55 NA 24.79 0.26 NA 121.27 NA 0.23 NA 19.95
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Date Collected Time Collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
MDL: 0.059 0.13 0.066 0.086 0.00037 0.00056 0.017 0.047 0.0097 4 12.00 3.00 0.00 0.03 0.08 0.09 0.07 0.31 0.31 0.31
4/11/2011 12:40 1309 8.0 9th St. ISCO TOLLWAY 816 <0.059 <0.13 3.6 <0.086 0.191 <0.00056 <0.017 <0.047 <0.0097 7.5 203 742.00 2686.00 0.04 0.69 0.11 245.00 0.27 79.40 498.00 7.48
5/9/2011 15:00 1001 7.7 9th St. ISCO TOLLWAY 864 <0.059 <0.13 2.7 <0.086 0.159 0.00271 <0.017 <0.047 <0.0097 7.9 171 566.00 451.00 0.05 0.22 0.18 180.00 0.87 58.20 75.90 6.33
6/8/2011 8:50 NA NA 9th St. ISCO TOLLWAY 937 <0.059 <0.13 7.9 <0.086 0.177 <0.00056 <0.017 <0.047 <0.0097 7.7 212 698.00 2380.00 0.15 0.76 0.17 217.00 0.88 63.20 278.00 10.50
7/6/2011 NA NA NA 9th St. ISCO TOLLWAY 991 <0.059 <0.13 16.2 <0.086 0.150 <0.00056 <0.017 <0.047 0.106 56410.00 0.14 <0.08 254.00 <0.07 38.00
8/2/2011 12:28 497 8.8 9th St. ISCO TOLLWAY 1041 <0.059 <0.13 4.9 <0.086 0.144 0.00065 <0.017 <0.047 <0.0097 7.9 141 284.00 1894.00 0.04 0.36 0.30 45.63 0.48 34.56 105.99 10.44
min 497 7.7 0 0 2.7 0 0.144 0.0006536 0 0 0.106 7.5 141 284.00 451.00 0.04 0.22 0.11 45.63 0.27 34.56 75.90 6.33
max 1309 8.8 0 0 16.2 0 0.191 0.00271 0 0 0.106 7.9 212 742.00 56410.00 0.15 0.76 0.30 254.00 0.88 79.40 498.00 10.50
mean 936 8.2 NA NA 7.0 NA 0.164 0.0016818 NA NA 0.106 7.7 182 572.50 12764.20 0.09 0.51 0.19 188.33 0.63 54.67 239.47 8.69
Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Date Collected Time Collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.037 0.11 0.023 0.00085 0.00055 0.029 0.012 0.013 0.0058 0.00079 0.024 0.02 0.11 0.03 0.00 0.022 0.03 0.04 0.07 0.04 0.22
4/11/2011 1231 1555 8.1 9th St. grab TOLLWAY 815 <0.037 <0.11 0.107 0.050 <0.00055 94 <0.012 <0.013 <0.0058 0.00161 0.046 3.05 <0.11 38.60 0.07 <0.022 191.00 <0.043 0.14 <0.041 29.00
5/9/2011 1434 1669 7.8 9th St. grab TOLLWAY 863 <0.037 <0.11 0.136 0.046 <0.00055 96 <0.012 <0.013 <0.0058 0.00104 0.066 2.66 <0.11 42.30 0.04 <0.022 204.00 <0.043 0.13 <0.041 32.60
6/7/2011 848 1573 7.4 9th St. grab TOLLWAY 925 <0.037 <0.11 0.151 0.046 <0.00055 89 <0.012 <0.013 <0.0058 <0.00079 0.157 3.05 <0.11 37.10 0.37 <0.022 180.00 <0.043 0.21 <0.041 25.70
8/2/2011 1228 1416 7.6 9th St. grab TOLLWAY 1026 <0.037 <0.11 0.154 0.058 <0.00055 95 <0.012 <0.013 <0.0058 <0.00079 0.506 3.03 <0.11 37.54 0.42 <0.022 161.44 <0.043 0.16 <0.041 20.95
8/30/2011 10:37 1283 7.7 9th St. grab TOLLWAY 1084 <0.037 <0.11 0.096 0.052 <0.00055 77 <0.012 <0.013 <0.0058 0.0012377 0.981 2.79 <0.11 31.81 1.01 <0.022 141.90 <0.043 0.20 <0.041 5.88
9/28/2011 8:31 296 8.0 9th St. grab TOLLWAY 1132 <0.037 <0.11 0.040 0.015 <0.00055 23 <0.012 <0.013 <0.0058 <0.00079 0.177 1.93 <0.11 8.11 0.05 <0.022 23.10 <0.043 0.08 <0.041 6.62
10/25/2011 15:37 935 8.2 9th St. grab TOLLWAY 1200 <0.037 <0.11 0.071 0.038 <0.00055 68 <0.012 <0.013 <0.0058 <0.00079 0.486 3.17 <0.11 26.96 0.27 <0.022 92.14 <0.043 0.12 <0.041 7.42
11/29/2011 11:18 1106 7.6 9th St. grab TOLLWAY 1258 <0.037 <0.11 0.091 0.038 <0.00055 80 <0.012 <0.013 <0.0058 <0.00079 0.387 2.61 <0.11 31.90 0.16 <0.022 120.97 <0.043 0.20 <0.041 18.26
1/4/2012 11:18 1374 7.0 9th St. grab TOLLWAY 1315 <0.037 <0.11 0.103 0.044 <0.00055 93 <0.012 <0.013 <0.0058 <0.00079 0.451 2.88 <0.11 37.89 0.20 <0.022 156.51 <0.043 0.18 <0.041 23.73
1/31/2012 14:53 1764 7.7 9th St. grab TOLLWAY 1375 <0.037 <0.11 0.091 0.047 <0.00055 90 <0.012 <0.013 <0.0058 <0.00079 0.383 2.63 <0.11 35.37 0.17 <0.022 223.92 <0.043 0.17 <0.041 25.50
2/28/2012 14:56 1738 7.6 9th St. grab TOLLWAY 1434 <0.037 <0.11 0.088 0.041 <0.00055 88 <0.012 <0.013 <0.0058 <0.00079 0.213 2.42 <0.11 35.49 0.10 <0.022 233.40 <0.043 0.16 <0.041 26.43
3/26/2012 15:39 1376 7.7 9th St. grab TOLLWAY 1489 <0.037 <0.11 0.103 0.042 <0.00055 86 <0.012 <0.013 <0.0058 <0.00079 0.341 2.49 <0.11 36.28 0.10 <0.022 163.81 <0.043 0.16 <0.041 23.30
4/23/2012 14:46 NA NA 9th St. grab TOLLWAY 1550 <0.037 <0.11 0.102 0.035 <0.00055 86 <0.012 <0.013 <0.0058 <0.00079 0.059 2.51 <0.11 38.65 0.05 <0.022 148.54 <0.043 0.16 <0.041 26.73
5/22/12 14:26 1424 7.9 9th St. grab TOLLWAY 1615 <0.037 <0.11 0.131 0.044 <0.00055 86 <0.012 <0.013 <0.0058 0.00131 0.108 2.35 <0.11 37.90 0.08 <0.022 161.22 <0.043 0.21 <0.041 21.77
min 296 7.0 0 0 0.040 0.015 0 23 0 0 0 0.00104 0.046 1.93 0.00 8.11 0.04 0 23.10 0.00 0.08 0.00 5.88
max 1764 8.2 0 0 0.154 0.058 0 96 0 0 0 0.00161 0.981 3.17 0.00 42.30 1.01 0 233.40 0.00 0.21 0.00 32.60
mean 1347 7.7 NA NA 0.105 0.043 NA 82 NA NA NA 0.0012985 0.312 2.68 NA 33.99 0.22 NA 157.28 NA 0.16 NA 20.99
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Date Collected Time Collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.059 0.13 0.066 0.086 0.00037 0.00056 0.017 0.047 0.0097 4 12.00 3.00 0.00 0.03 0.08 0.09 0.07 0.31 0.31 0.31
4/11/2011 1231 1555 8.1 9th St. grab TOLLWAY 815 <0.059 <0.13 2.52 <0.086 0.263 <0.00056 <0.017 <0.047 <0.0097 7.9 259 925.00 <3.0 0.01 0.08 0.18 283.00 0.18 81.60 7.79 7.49
5/9/2011 1434 1669 7.8 9th St. grab TOLLWAY 863 <0.059 <0.13 1.68 <0.086 0.252 <0.00056 <0.017 <0.047 <0.0097 8.1 276 928.00 3.20 0.01 0.08 0.21 316.00 0.48 90.00 6.06 5.21
6/7/2011 848 1573 7.4 9th St. grab TOLLWAY 925 <0.059 <0.13 4.72 <0.086 0.243 <0.00056 <0.017 <0.047 <0.0097 7.9 298 884.00 6.00 0.02 0.22 0.20 276.00 0.12 73.60 8.90 8.49
8/2/2011 1228 1416 7.6 9th St. grab TOLLWAY 1026 <0.059 <0.13 8.83 <0.086 0.251 <0.00056 <0.017 <0.047 <0.0097 7.7 319 794.00 3.20 0.04 0.39 0.25 227.19 0.16 58.44 9.63 9.47
8/30/2011 10:37 1283 7.7 9th St. grab TOLLWAY 1084 <0.059 <0.13 7.77 <0.086 0.268 <0.00056 <0.017 <0.047 <0.0097 7.7 323 686.00 22.00 0.05 0.47 0.29 199.26 <0.07 16.60 13.14 9.93
9/28/2011 8:31 296 8.0 9th St. grab TOLLWAY 1132 <0.059 <0.13 1.86 <0.086 0.069 0.0007775 <0.017 <0.047 <0.0097 7.2 77 187.00 4.40 0.02 0.09 0.09 33.43 0.26 19.58 6.66 5.86
10/25/2011 15:37 935 8.2 9th St. grab TOLLWAY 1200 <0.059 <0.13 5.78 <0.086 0.175 <0.00056 <0.017 <0.047 <0.0097 7.8 253 516.00 3.60 0.01 0.12 0.27 140.46 <0.07 19.73 9.29 8.55
11/29/2011 11:18 1106 7.6 9th St. grab TOLLWAY 1258 <0.059 <0.13 5.66 <0.086 0.197 <0.00056 <0.017 <0.047 <0.0097 7.7 270 620.00 <3.0 0.02 0.21 0.18 175.72 0.13 48.10 6.56 6.31
1/4/2012 11:18 1374 7.0 9th St. grab TOLLWAY 1315 <0.059 <0.13 5.64 <0.086 0.248 <0.00056 <0.017 <0.047 <0.0097 7.6 318 792.00 3.60 0.02 0.30 0.20 228.94 0.30 70.27 7.12 6.34
1/31/2012 14:53 1764 7.7 9th St. grab TOLLWAY 1375 <0.059 <0.13 4.12 <0.086 0.239 <0.00056 <0.017 <0.047 <0.0097 7.8 280 966.00 9.60 0.02 0.12 0.16 356.30 0.40 76.61 8.77 6.53
2/28/2012 14:56 1738 7.6 9th St. grab TOLLWAY 1434 <0.059 <0.13 3.31 <0.086 0.238 <0.00056 <0.017 <0.047 <0.0097 7.9 266 993.00 <3.0 0.01 0.03 0.20 382.12 0.31 73.26 5.51 5.09
3/26/2012 15:39 1376 7.7 9th St. grab TOLLWAY 1489 <0.059 <0.13 4.27 <0.086 0.231 <0.00056 <0.017 <0.047 <0.0097 8.0 294 828.00 307.00 0.02 <0.03 0.17 265.45 0.34 69.27 19.40 6.02
4/23/2012 14:46 NA NA 9th St. grab TOLLWAY 1550 <0.059 <0.13 3.23 <0.086 0.243 <0.00056 <0.017 <0.047 <0.0097 8.2 281 754.00 6.80 0.01 <0.03 0.17 221.43 <0.04 72.32 9.46 7.06
5/22/12 14:26 1424 7.9 9th St. grab TOLLWAY 1615 <0.059 <0.13 4.68 <0.086 0.253 <0.00056 <0.017 <0.047 <0.0097 8.0 310 803.00 3.20 0.03 0.09 0.26 238.14 0.10 67.23 12.88 8.93
min 296 7.0 0 0 1.68 0 0.069 0.0007775 0 0 0 7.2 77 187.00 3.20 0.01 0.03 0.09 33.43 0.10 16.60 5.51 5.09
max 1764 8.2 0 0 8.83 0 0.268 0.0007775 0 0 0 8.2 323 993.00 307.00 0.05 0.47 0.29 382.12 0.48 90.00 19.40 9.93
mean 1347 7.7 NA NA 4.58 NA 0.226 0.0007775 NA NA NA 7.8 273 762.57 33.87 0.02 0.18 0.20 238.82 0.25 59.76 9.37 7.24
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Appendix A: Results of Laboratory Analysis of Water Samples Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Date collected Time collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
MDL: 0.037 0.11 0.023 0.00085 0.00055 0.029 0.012 0.013 0.0058 0.00079 0.024 0.02 0.11 0.03 0.00 0.022 0.03 0.04 0.07 0.04 0.22
4/11/11 14:01 862 8.3 DD-ERR ISCO TOLLWAY 818 <0.037 <0.11 0.051 0.039 <0.00055 63.80 <0.012 <0.013 <0.0058 0.00195 0.03 3.04 <0.11 29.20 0.09 <0.022 71.30 <0.043 0.15 <0.041 20.50
5/9/2011 16:30 699 7.9 DD-ERR ISCO TOLLWAY 866 <0.037 <0.11 0.053 0.037 <0.00055 60.30 <0.012 <0.013 <0.0058 0.00184 0.03 2.89 <0.11 26.30 0.13 <0.022 53.40 <0.043 0.18 <0.041 18.80
6/7/2011 17:30 863 6.8 DD-ERR ISCO TOLLWAY 936 0.112 <0.11 0.076 0.073 <0.00055 73.30 <0.012 <0.013 <0.0058 <0.00079 0.34 4.88 <0.11 29.60 0.50 <0.022 48.20 <0.043 0.23 <0.041 11.70
7/6/2011 12:30 NA NA DD-ERR ISCO TOLLWAY 983 <0.037 <0.11 0.101 0.428 <0.00055 76.50 <0.012 <0.013 <0.0058 0.00316 <0.024 2.98 <0.11 36.00 0.00 <0.022 59.50 <0.043 0.42 <0.041 18.20
8/30/2011 12:06 NA NA DD-ERR ISCO TOLLWAY 1086 <0.037 <0.11 0.097 0.038 <0.00055 73.27 <0.012 <0.013 <0.0058 0.0058528 <0.024 3.69 <0.11 35.23 <0.0015 <0.022 56.46 <0.043 0.32 <0.041 18.68
9/28/2011 10:15 NA NA DD-ERR ISCO TOLLWAY 1147 <0.037 <0.11 0.062 0.027 <0.00055 45.67 <0.012 <0.013 <0.0058 0.00299 0.06 3.32 <0.11 19.19 <0.0015 <0.022 34.89 <0.043 0.18 <0.041 14.24
1/4/2012 12:00 833 8.1 DD-ERR ISCO TOLLWAY 1334 <0.037 <0.11 0.060 0.039 <0.00055 69.99 <0.012 <0.013 <0.0058 0.00156 0.03 3.05 <0.11 33.73 <0.0015 <0.022 60.36 <0.043 0.18 <0.041 19.47
1/31/2012 15:15 NA NA DD-ERR ISCO TOLLWAY 1377 <0.037 <0.11 0.050 0.035 <0.00055 65.18 <0.012 <0.013 <0.0058 0.00311 <0.024 2.45 <0.11 34.35 0.00 <0.022 91.14 <0.043 0.23 <0.041 17.73
2/29/2012 10:45 NA NA DD-ERR ISCO TOLLWAY 1457 <0.037 <0.11 0.054 0.034 <0.00055 59.23 <0.012 <0.013 <0.0058 0.00407 <0.024 2.25 <0.11 35.01 <0.0015 <0.022 92.88 <0.043 0.15 <0.041 18.79
3/26/2012 14:50 935 7.4 DD-ERR ISCO TOLLWAY 1488 <0.037 <0.11 0.054 0.051 <0.00055 66.67 <0.012 <0.013 <0.0058 <0.00079 0.29 4.17 <0.11 31.76 0.76 <0.022 76.57 <0.043 0.22 <0.041 13.63
4/23/2012 16:10 NA NA DD-ERR ISCO TOLLWAY 1552 <0.037 <0.11 0.056 0.049 <0.00055 69.05 <0.012 <0.013 <0.0058 <0.00079 0.04 3.86 <0.11 34.73 0.44 <0.022 63.95 <0.043 0.17 <0.041 17.37
5/22/2012 16:00 NA NA DD-ERR ISCO TOLLWAY 1617 <0.037 <0.11 0.065 0.047 <0.00055 61.96 <0.012 <0.013 <0.0058 0.00257 0.04 3.93 <0.11 30.24 0.11 <0.022 60.90 <0.043 0.26 <0.041 15.00
min 699 6.8 0.112 0 0.050 0.027 0 45.67 0 0 0 0.0015649 0.03 2.25 0.00 19.19 0.00 0 34.89 0.00 0.15 0.00 11.70
max 935 8.3 0.112 0 0.101 0.428 0 76.50 0 0 0 0.0058528 0.34 4.88 0.00 36.00 0.76 0 92.88 0.00 0.42 0.00 20.50
mean 838 7.7 0.112 NA 0.065 0.075 NA 65.41 NA NA NA 0.0030125 0.11 3.38 NA 31.28 0.25 NA 64.13 NA 0.22 NA 17.01
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Date collected Time collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
MDL: 0.059 0.13 0.066 0.086 0.00037 0.00056 0.017 0.047 0.0097 4 12.00 3.00 0.00 0.03 0.08 0.09 0.07 0.31 0.31 0.31
4/11/11 14:01 862 8.3 DD-ERR ISCO TOLLWAY 818 <0.059 <0.13 3.32 <0.086 0.191 <0.00056 <0.017 <0.047 <0.0097 7.6 206 489.00 2064.00 0.03 2.23 0.16 118.00 1.00 60.20 211.00 8.71
5/9/2011 16:30 699 7.9 DD-ERR ISCO TOLLWAY 866 <0.059 <0.13 3.69 <0.086 0.160 <0.00056 0.018 <0.047 <0.0097 8.0 198 422.00 1398.00 0.05 1.20 0.19 87.70 0.72 54.60 120.00 6.15
6/7/2011 17:30 863 6.8 DD-ERR ISCO TOLLWAY 936 <0.059 <0.13 5.95 <0.086 0.214 0.00395 <0.017 <0.047 <0.0097 7.4 447 523.00 9040.00 0.07 18.10 0.34 64.00 0.30 30.00 446 ** 19.90
7/6/2011 12:30 NA NA DD-ERR ISCO TOLLWAY 983 <0.059 <0.13 11.20 <0.086 0.293 <0.00056 <0.017 <0.047 0.0481 8.3 241 509.00 1107.00 0.20 0.33 0.20 91.80 8.39 49.50 110.00 11.90
8/30/2011 12:06 NA NA DD-ERR ISCO TOLLWAY 1086 <0.059 <0.13 12.32 <0.086 0.298 <0.00056 <0.017 <0.047 <0.0097 8.4 271 496.00 1490.00 0.21 0.48 0.29 94.68 4.33 53.84 151.00 15.38
9/28/2011 10:15 NA NA DD-ERR ISCO TOLLWAY 1147 <0.059 <0.13 3.07 <0.086 0.140 0.00096 <0.017 <0.047 <0.0097 8.0 177 294.00 3696.00 0.04 0.12 0.18 51.10 0.57 37.18 440.19
1/4/2012 12:00 833 8.1 DD-ERR ISCO TOLLWAY 1334 <0.059 <0.13 3.93 <0.086 0.205 <0.00056 <0.017 <0.047 <0.0097 8.0 246 469.00 910.00 0.03 0.67 0.28 126.44 1.08 44.57 282.96 6.86
1/31/2012 15:15 NA NA DD-ERR ISCO TOLLWAY 1377 <0.059 <0.13 3.22 <0.086 0.189 <0.00056 <0.017 <0.047 <0.0097 8.1 219 570.00 493.30 0.05 0.55 0.17 174.13 0.86 53.34
2/29/2012 10:45 NA NA DD-ERR ISCO TOLLWAY 1457 <0.059 <0.13 2.38 <0.086 0.197 <0.00056 0.019 <0.047 <0.0097 618.00 541.00 0.01 0.93 0.19 186.96 0.86 58.05 37.68 5.32
3/26/2012 14:50 935 7.4 DD-ERR ISCO TOLLWAY 1488 <0.059 <0.13 3.56 <0.086 0.192 <0.00056 <0.017 <0.047 <0.0097 7.5 286 531.00 1102.00 0.02 8.69 0.08 134.70 <0.04 40.05 95.81 18.69
4/23/2012 16:10 NA NA DD-ERR ISCO TOLLWAY 1552 <0.059 <0.13 3.13 <0.086 0.220 <0.00056 <0.017 <0.047 <0.0097 7.8 253 500.00 938.00 0.01 4.52 0.20 106.01 0.05 47.74 390.12 8.95
5/22/2012 16:00 NA NA DD-ERR ISCO TOLLWAY 1617 <0.059 <0.13 6.10 <0.086 0.214 <0.00056 <0.017 <0.047 <0.0097 7.7 242 480.00 4320.00 0.05 0.50 0.18 104.47 1.29 47.53 247.48 9.84
min 699 6.8 0 0 2.38 0 0.140 0.0009648 0.018 0 0.0481 7.4 177 294.00 493.30 0.01 0.12 0.08 51.10 0.05 30.00 37.68 5.32
max 935 8.3 0 0 12.32 0 0.298 0.00395 0.019 0 0.0481 8.4 447 618.00 9040.00 0.21 18.10 0.34 186.96 8.39 60.20 440.19 19.90
mean 838 7.7 NA NA 5.15 NA 0.209 0.0024574 0.018 NA 0.0481 7.9 253 491.75 2258.28 0.06 3.19 0.21 111.67 1.77 48.05 208.62 11.17
Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Date Collected Time Collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.037 0.11 0.023 0.00085 0.00055 0.029 0.012 0.013 0.0058 0.00079 0.024 0.02 0.11 0.03 0.00 0.022 0.03 0.04 0.07 0.04 0.22
4/11/2011 1342 966 8.3 DD-ERR-grab TOLLWAY 817 <0.037 <0.11 0.073 0.042 <0.00055 77.10 <0.012 <0.013 <0.0058 0.00146 0.079 2.51 <0.11 36.30 0.03 <0.022 78.80 <0.043 0.13 <0.041 22.40
5/9/2011 1607 900 8.3 DD-ERR-grab TOLLWAY 865 <0.037 <0.11 0.081 0.051 <0.00055 82.00 <0.012 <0.013 <0.0058 0.00153 0.083 2.04 <0.11 39.20 0.04 <0.022 62.50 <0.043 0.11 <0.041 23.10
6/7/2011 1714 991 7.8 DD-ERR-grab TOLLWAY 924 <0.037 <0.11 0.104 0.063 <0.00055 91.40 <0.012 <0.013 <0.0058 0.00124 <0.024 2.58 <0.11 39.70 0.04 <0.022 70.10 <0.043 0.20 <0.041 23.40
7/6/2011 1221 1182 8.3 DD-ERR-grab TOLLWAY 982 <0.037 <0.11 0.129 0.075 <0.00055 111.00 <0.012 <0.013 <0.0058 <0.00079 <0.024 2.98 <0.11 54.20 0.06 <0.022 72.10 <0.043 0.24 <0.041 32.70
8/30/2011 11:50 1162 8.3 DD-ERR-grab TOLLWAY 1085 <0.037 <0.11 0.130 0.072 <0.00055 104.72 <0.012 <0.013 <0.0058 0.000799 <0.024 3.15 <0.11 50.35 0.03 <0.022 72.60 <0.043 0.18 <0.041 31.32
9/28/2011 10:03 571 8.6 DD-ERR-grab TOLLWAY 1134 <0.037 <0.11 0.067 0.026 <0.00055 49.50 <0.012 <0.013 <0.0058 0.003549 0.101 3.17 <0.11 21.50 0.01 <0.022 38.88 <0.043 0.11 <0.041 13.42
11/29/2011 16:37 871 8.2 DD-ERR-grab TOLLWAY 1262 <0.037 <0.11 0.064 0.039 <0.00055 78.69 <0.012 <0.013 <0.0058 0.00234 0.113 2.43 <0.11 36.82 0.03 <0.022 60.71 <0.043 0.20 <0.041 21.04
1/4/2012 12:07 994 7.4 DD-ERR-grab TOLLWAY 1316 <0.037 <0.11 0.075 0.046 <0.00055 92.12 <0.012 <0.013 <0.0058 <0.00079 0.039 2.12 <0.11 43.43 0.03 <0.022 73.74 <0.043 0.17 <0.041 23.76
1/31/2012 14:53 1051 8.1 DD-ERR-grab TOLLWAY 1376 <0.037 <0.11 0.055 0.040 <0.00055 80.68 <0.012 <0.013 <0.0058 0.00116 0.029 1.78 <0.11 37.24 0.03 <0.022 75.36 <0.043 0.25 <0.041 18.83
2/27/2012 15:55 1075 8.1 DD-ERR-grab TOLLWAY 1435 <0.037 <0.11 0.055 0.039 <0.00055 84.18 <0.012 <0.013 <0.0058 0.00093 0.078 1.65 <0.11 40.66 0.03 <0.022 88.05 <0.043 0.15 <0.041 20.51
3/26/2012 14:41 886 8.3 DD-ERR-grab TOLLWAY 1487 <0.037 <0.11 0.068 0.037 <0.00055 74.68 <0.012 <0.013 <0.0058 0.00087 0.080 1.96 <0.11 36.53 0.04 <0.022 68.19 <0.043 0.18 <0.041 17.12
4/23/2012 15:51 959 8.5 DD-ERR-grab TOLLWAY 1551 <0.037 <0.11 0.068 0.044 <0.00055 81.89 <0.012 <0.013 <0.0058 <0.00079 0.051 1.85 <0.11 42.13 0.03 <0.022 73.47 <0.043 0.15 <0.041 20.98
5/22/2012 15:38 1087 8.0 DD-ERR-grab TOLLWAY 1616 <0.037 <0.11 0.102 0.067 <0.00055 94.16 <0.012 <0.013 <0.0058 0.00110 0.033 2.59 <0.11 47.57 0.04 <0.022 65.98 <0.043 0.19 <0.041 24.51
6/18/2012 15:24 1120 7.8 DD-ERR-grab TOLLWAY 1662 <0.037 <0.11 0.132 0.076 <0.00055 101.82 <0.012 <0.013 <0.0058 <0.00079 <0.024 2.97 <0.11 53.57 0.05 <0.022 69.79 <0.043 <0.073 <0.041 30.17
min 571 7.4 0.000 0.000 0.055 0.026 0.000 49.50 0.000 0.000 0.000 0.001 0.029 1.65 0.00 21.50 0.01 0.000 38.88 0.00 0.11 0.00 13.42
max 1182 8.6 0.000 0.000 0.132 0.076 0.000 111.00 0.000 0.000 0.000 0.004 0.113 3.17 0.00 54.20 0.06 0.000 88.05 0.00 0.25 0.00 32.70
mean 987 8.1 NA NA 0.086 0.051 NA 86.00 NA NA NA 0.0014974 0.069 2.41 NA 41.37 0.03 NA 69.31 NA 0.17 NA 23.09
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Date Collected Time Collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.059 0.13 0.066 0.086 0.00037 0.00056 0.017 0.047 0.0097 4 12.00 3.00 0.00 0.03 0.080 0.09 0.07 0.31 0.31 0.31
4/11/2011 1342 966 8.3 DD-ERR-grab TOLLWAY 817 <0.059 <0.13 2.86 <0.086 0.25 <0.00056 <0.017 <0.047 <0.0097 8.3 231 584.00 5.20 0.01 0.09 0.200 134.00 0.49 65.20 7.64 6.91
5/9/2011 1607 900 8.3 DD-ERR-grab TOLLWAY 865 <0.059 <0.13 2.72 <0.086 0.32 <0.00056 <0.017 <0.047 <0.0097 8.4 269 558.00 <3.0 0.01 0.10 0.280 111.00 0.10 66.20 5.40 4.39
6/7/2011 1714 991 7.8 DD-ERR-grab TOLLWAY 924 <0.059 <0.13 4.71 <0.086 0.41 <0.00056 <0.017 <0.047 <0.0097 8.2 303 591.00 5.20 0.02 0.22 0.270 108.00 0.26 66.10 6.37 6.17
7/6/2011 1221 1182 8.3 DD-ERR-grab TOLLWAY 982 <0.059 <0.13 7.48 <0.086 0.53 <0.00056 <0.017 <0.047 <0.0097 8.3 335 700.00 12.40 0.04 0.06 0.210 128.00 0.16 88.10 7.01 5.24
8/30/2011 11:50 1162 8.3 DD-ERR-grab TOLLWAY 1085 <0.059 <0.13 7.12 <0.086 0.50 <0.00056 <0.017 <0.047 <0.0097 8.3 332 667.00 6.40 0.04 <0.03 0.288 130.37 0.19 88.15 4.74 4.17
9/28/2011 10:03 571 8.6 DD-ERR-grab TOLLWAY 1134 <0.059 <0.13 3.57 <0.086 0.14 0.001 <0.017 <0.047 <0.0097 8.1 162 348.00 17.60 0.04 <0.03 0.194 60.67 0.49 38.77 13.36 10.29
11/29/2011 16:37 871 8.2 DD-ERR-grab TOLLWAY 1262 <0.059 <0.13 4.76 <0.086 0.22 <0.00056 <0.017 <0.047 <0.0097 8.1 256 503.00 6.00 0.02 <0.03 0.218 104.41 0.44 57.33 6.91 6.36
1/4/2012 12:07 994 7.4 DD-ERR-grab TOLLWAY 1316 <0.059 <0.13 4.27 <0.086 0.29 <0.00056 0.020 <0.047 <0.0097 8.1 293 593.00 <3.0 0.01 <0.03 0.207 125.84 0.50 69.36 4.94 4.65
1/31/2012 14:53 1051 8.1 DD-ERR-grab TOLLWAY 1376 <0.059 <0.13 3.42 <0.086 0.22 <0.00056 <0.017 <0.047 <0.0097 8.2 259 583.00 3.60 0.01 <0.03 0.172 154.96 0.73 57.93 5.68 4.97
2/27/2012 15:55 1075 8.1 DD-ERR-grab TOLLWAY 1435 <0.059 <0.13 2.51 <0.086 0.23 <0.00056 <0.017 <0.047 <0.0097 8.3 255 623.00 <3.0 0.01 <0.03 0.165 179.48 0.40 58.30 3.86 3.72
3/26/2012 14:41 886 8.3 DD-ERR-grab TOLLWAY 1487 <0.059 <0.13 3.08 <0.086 0.22 <0.00056 <0.017 <0.047 <0.0097 8.4 270 545.00 13.60 0.01 <0.03 0.191 118.67 0.37 52.25 5.94 5.10
4/23/2012 15:51 959 8.5 DD-ERR-grab TOLLWAY 1551 <0.059 <0.13 1.59 <0.086 0.29 <0.00056 <0.017 <0.047 <0.0097 8.4 280 553.00 3.60 0.00 <0.03 0.190 124.80 <0.04 56.87 6.14 5.60
5/22/2012 15:38 1087 8.0 DD-ERR-grab TOLLWAY 1616 <0.059 <0.13 5.14 <0.086 0.43 <0.00056 <0.017 <0.047 <0.0097 8.2 332 643.00 6.80 0.03 0.14 0.232 124.51 0.23 76.97 6.66 5.09
6/18/2012 15:24 1120 7.8 DD-ERR-grab TOLLWAY 1662 <0.059 <0.13 8.28 <0.086 0.51 <0.00056 <0.017 <0.047 <0.0097 8.2 323 694.00 11.20 0.05 0.13 0.266 130.80 0.25 82.85 6.81 5.12
min 571 7.4 0.000 0.000 1.59 0.000 0.14 0.001 0.020 0.000 0.000 8.1 162 348.00 3.60 0.00 0.06 0.165 60.67 0.10 38.77 3.86 3.72
max 1182 8.6 0.000 0.000 8.28 0.000 0.53 0.001 0.020 0.000 0.000 8.4 335 700.00 17.60 0.05 0.22 0.288 179.48 0.73 88.15 13.36 10.29
mean 987 8.1 NA NA 4.39 NA 0.33 0.001 0.0204717 NA NA 8.2 278 584.64 8.33 0.02 0.12 0.220 123.97 0.36 66.03 6.53 5.56
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Appendix A: Results of Laboratory Analysis of Water Samples Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Date collected Time collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.037 0.110 0.023 0.001 0.001 0.029 0.012 0.013 0.006 0.001 0.024 0.02 0.11 0.03 0.00 0.022 0.03 0.04 0.07 0.04 0.22
5/9/2011 12:26 967 7.9 DD exit to LM TOLLWAY 860 <0.037 <0.11 0.081 0.036 <0.00055 78.000 <0.012 <0.013 <0.0058 0.001 0.062 1.82 <0.11 37.40 0.05 <0.022 70.90 <0.043 0.13 <0.041 21.20
6/7/2011 16:12 957 7.4 DD exit to LM TOLLWAY 923 <0.037 <0.11 0.108 0.042 <0.00055 76.900 <0.012 <0.013 <0.0058 <0.00079 0.161 2.00 <0.11 36.70 0.15 <0.022 75.00 <0.043 0.23 <0.041 16.20
7/6/2011 18:29 933 8.2 DD exit to LM TOLLWAY 985 <0.037 <0.11 0.091 0.034 <0.00055 86.300 <0.012 <0.013 <0.0058 <0.00079 0.035 1.99 <0.11 45.50 0.13 <0.022 56.60 <0.043 0.23 <0.041 9.73
8/2/2011 14:15 832 7.7 DD exit to LM TOLLWAY 1027 <0.037 <0.11 0.040 0.040 <0.00055 80.655 <0.012 <0.013 <0.0058 0.001 0.512 2.55 <0.11 34.45 0.23 <0.022 45.70 <0.043 0.18 <0.041 16.48
8/30/2011 13:56 907 8.2 DD exit to LM TOLLWAY 1087 <0.037 <0.11 0.082 0.026 <0.00055 82.320 <0.012 <0.013 <0.0058 <0.00079 0.044 1.79 <0.11 40.76 0.47 <0.022 49.86 <0.043 0.19 <0.041 4.83
9/27/2011 15:57 464 8.1 DD exit to LM TOLLWAY 1129 <0.037 <0.11 0.056 0.023 <0.00055 42.942 <0.012 <0.013 <0.0058 <0.00079 0.198 3.15 <0.11 16.92 0.04 <0.022 26.59 <0.043 0.16 <0.041 14.15
10/25/2011 9:51 900 7.9 DD exit to LM TOLLWAY 1196 <0.037 <0.11 0.088 0.037 <0.00055 76.353 <0.012 <0.013 <0.0058 0.002 0.084 3.93 <0.11 37.31 0.03 <0.022 61.35 <0.043 0.13 <0.041 18.80
11/29/2011 13:47 834 8.1 DD exit to LM TOLLWAY 1259 <0.037 <0.11 0.066 0.031 <0.00055 75.615 <0.012 <0.013 <0.0058 0.001 0.113 2.88 <0.11 35.64 0.04 <0.022 55.29 <0.043 0.15 <0.041 18.50
min 464 7.4 0.000 0.000 0.040 0.023 0.000 42.942 0.000 0.000 0.000 0.001 0.035 1.79 0.00 16.92 0.03 0.000 26.59 0.00 0.13 0.00 4.83
max 967 8.2 0.000 0.000 0.108 0.042 0.000 86.300 0.000 0.000 0.000 0.002 0.512 3.93 0.00 45.50 0.47 0.000 75.00 0.00 0.23 0.00 21.20
mean 849 7.9 NA NA 0.077 0.034 NA 74.886 NA NA NA 0.001 0.151 2.51 NA 35.59 0.14 NA 55.16 NA 0.18 NA 14.99
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Date collected Time collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.059 0.130 0.066 0.086 0.000 0.001 0.017 0.047 0.010 4.000 12.00 3.00 0.00 0.03 0.080 0.09 0.07 0.31 0.31 0.31
5/9/2011 12:26 967 7.9 DD exit to LM TOLLWAY 860 <0.059 <0.13 0.899 <0.086 0.307 <0.00056 <0.017 <0.047 <0.0097 8.0 269 548.00 <3.0 <0.003 0.14 0.270 120.00 <0.07 62.10 9.74 8.26
6/7/2011 16:12 957 7.4 DD exit to LM TOLLWAY 923 <0.059 <0.13 3.710 <0.086 0.353 <0.00056 <0.017 <0.047 <0.0097 8.0 288 548.00 <3.0 0.01 0.69 0.280 107.00 0.08 46.50 12.90 12.70
7/6/2011 18:29 933 8.2 DD exit to LM TOLLWAY 985 <0.059 <0.13 8.020 <0.086 0.329 <0.00056 <0.017 <0.047 <0.0097 8.1 318 544.00 6.40 0.01 0.03 0.180 89.30 <0.07 25.00 22.50 23.00
8/2/2011 14:15 832 7.7 DD exit to LM TOLLWAY 1027 <0.059 <0.13 9.867 <0.086 0.343 <0.00056 <0.017 <0.047 <0.0097 7.9 268 490.00 <3.0 0.04 0.04 0.364 70.89 0.12 45.17 19.07 19.03
8/30/2011 13:56 907 8.2 DD exit to LM TOLLWAY 1087 <0.059 <0.13 8.538 <0.086 0.305 <0.00056 <0.017 <0.047 <0.0097 8.1 337 513.00 <3.0 0.02 <0.03 0.309 84.15 <0.07 12.71 19.77 18.75
9/27/2011 15:57 464 8.1 DD exit to LM TOLLWAY 1129 <0.059 <0.13 2.669 <0.086 0.151 0.001 0.017 <0.047 <0.0097 7.9 124 286.00 6.00 0.05 <0.03 0.124 46.49 0.21 42.76 9.64 7.76
10/25/2011 9:51 900 7.9 DD exit to LM TOLLWAY 1196 <0.059 <0.13 4.937 <0.086 0.281 <0.00056 <0.017 <0.047 <0.0097 8.1 275 522.00 <3.0 0.01 <0.03 0.247 104.57 <0.07 52.79 9.56 8.72
11/29/2011 13:47 834 8.1 DD exit to LM TOLLWAY 1259 <0.059 <0.13 4.738 <0.086 0.238 <0.00056 <0.017 <0.047 <0.0097 8.2 262 490.00 <3.0 0.01 <0.03 0.206 94.66 0.22 50.71 9.27 8.97
min 464 7.4 0.000 0.000 0.899 0.000 0.151 0.001 0.017 0.000 0.000 7.9 124 286.00 6.00 0.01 0.03 0.124 46.49 0.08 12.71 9.27 7.76
max 967 8.2 0.000 0.000 9.867 0.000 0.353 0.001 0.017 0.000 0.000 8.2 337 548.00 6.40 0.05 0.69 0.364 120.00 0.22 62.10 22.50 23.00
mean 849 7.9 NA NA 5.422 NA 0.288 0.001 0.017 NA NA 8.0 267 492.63 6.20 0.02 0.23 0.248 89.63 0.16 42.22 14.06 13.40
Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Date collected Time collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.037 0.11 0.023 0.00085 0.00055 0.029 0.012 0.013 0.0058 0.00079 0.024 0.02 0.11 0.03 0.00 0.022 0.03 0.04 0.07 0.04 0.22
5/9/2011 13:13 774 7.4 NE exit grab TOLLWAY 862 <0.037 <0.11 0.058 0.034 <0.00055 71.70 <0.012 <0.013 <0.0058 0.00125 1.75 2.61 <0.11 28.80 0.21 <0.022 56.00 <0.043 0.17 <0.041 18.00
6/7/2011 15:03 623 7.3 NE exit grab TOLLWAY 922 <0.037 <0.11 0.067 0.035 <0.00055 67.90 <0.012 <0.013 <0.0058 0.00081 1.70 2.95 <0.11 27.20 0.24 <0.022 54.50 <0.043 0.23 <0.041 12.60
7/6/2011 17:12 585 8.1 NE exit grab TOLLWAY 984 <0.037 <0.11 0.067 0.033 <0.00055 69.30 <0.012 <0.013 <0.0058 <0.00079 1.98 2.73 <0.11 29.20 0.28 <0.022 45.90 <0.043 0.21 <0.041 4.07
8/2/2011 15:15 742 7.5 NE exit grab TOLLWAY 1028 <0.037 <0.11 0.035 0.034 <0.00055 69.91 <0.012 <0.013 <0.0058 <0.00079 2.35 2.57 <0.11 28.62 0.30 <0.022 41.30 <0.043 0.21 <0.041 3.44
8/30/2011 15:10 669 7.6 NE exit grab TOLLWAY 1089 <0.037 <0.11 0.076 0.031 <0.00055 62.89 <0.012 <0.013 <0.0058 <0.00079 2.35 2.62 <0.11 27.34 0.27 <0.022 34.37 <0.043 0.20 <0.041 1.68
9/27/2011 17:45 774 7.8 NE exit grab TOLLWAY 1131 <0.037 <0.11 0.072 0.035 <0.00055 80.56 <0.012 <0.013 <0.0058 <0.00079 2.39 2.69 <0.11 34.97 0.32 <0.022 35.20 <0.043 0.10 <0.041 2.97
10/25/2011 13:01 919 8.2 NE exit grab TOLLWAY 1198 <0.037 <0.11 0.057 0.038 <0.00055 101.01 <0.012 <0.013 <0.0058 <0.00079 0.81 2.20 <0.11 45.09 0.28 <0.022 42.63 <0.043 0.18 <0.041 44.79
11/29/2011 14:36 399 7.9 NE exit grab TOLLWAY 1260 <0.037 <0.11 0.062 0.036 <0.00055 86.96 <0.012 <0.013 <0.0058 <0.00079 2.88 1.85 <0.11 37.63 0.36 <0.022 43.03 <0.043 0.21 <0.041 27.98
min 399 7.3 0.000 0.000 0.035 0.031 0.000 62.89 0.000 0.000 0.000 0.001 0.81 1.85 0.00 27.20 0.21 0.000 34.37 0.00 0.10 0.00 1.68
max 919 8.2 0.000 0.000 0.076 0.038 0.000 101.01 0.000 0.000 0.000 0.001 2.88 2.95 0.00 45.09 0.36 0.000 56.00 0.00 0.23 0.00 44.79
mean 686 7.7 NA NA 0.062 0.034 NA 76.28 NA NA NA 0.001 2.03 2.53 NA 32.36 0.28 NA 44.12 NA 0.19 NA 14.44
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Date collected Time collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
                   MDL: 0.059 0.13 0.066 0.086 0.00037 0.00056 0.017 0.047 0.0097 4 12.00 3.00 0.00 0.03 0.08 0.09 0.07 0.31 0.31 0.31
5/9/2011 13:13 774 7.4 NE exit grab TOLLWAY 862 <0.059 <0.13 3.09 <0.086 0.204 <0.00056 <0.017 <0.047 <0.0097 7.7 218 438.00 <3.0 0.02 0.31 0.25 90.70 <0.07 49.50 8.76 7.65
6/7/2011 15:03 623 7.3 NE exit grab TOLLWAY 922 <0.059 <0.13 2.97 <0.086 0.209 0.001 <0.017 <0.047 <0.0097 7.6 240 434.00 <3.0 0.02 0.37 0.23 75.60 <0.07 34.90 11.60 11.80
7/6/2011 17:12 585 8.1 NE exit grab TOLLWAY 984 <0.059 <0.13 3.41 <0.086 0.206 0.002 <0.017 <0.047 <0.0097 7.7 269 421.00 76.00 0.03 0.22 0.18 68.50 <0.07 10.40 24.70 19.90
8/2/2011 15:15 742 7.5 NE exit grab TOLLWAY 1028 <0.059 <0.13 5.29 <0.086 0.214 0.004 <0.017 <0.047 <0.0097 7.5 274 419.00 3.20 0.03 0.32 0.33 62.54 <0.07 8.42 23.94 23.23
8/30/2011 15:10 669 7.6 NE exit grab TOLLWAY 1089 <0.059 <0.13 5.58 <0.086 0.212 0.004 <0.017 <0.047 <0.0097 7.6 262 382.00 <3.0 0.03 0.39 0.30 51.21 <0.07 3.53 21.52 14.99
9/27/2011 17:45 774 7.8 NE exit grab TOLLWAY 1131 <0.059 <0.13 6.42 <0.086 0.258 0.003 <0.017 <0.047 <0.0097 7.7 319 461.00 <3.0 0.03 0.42 0.24 59.17 <0.07 7.28 24.63 22.13
10/25/2011 13:01 919 8.2 NE exit grab TOLLWAY 1198 <0.059 <0.13 7.04 <0.086 0.298 <0.00056 <0.017 <0.047 <0.0097 8.0 264 591.00 <3.0 0.02 0.23 0.27 77.17 0.13 119.47 22.80 21.22
11/29/2011 14:36 399 7.9 NE exit grab TOLLWAY 1260 <0.059 <0.13 5.91 <0.086 0.254 0.002 <0.017 <0.047 <0.0097 7.5 264 516.00 <3.0 0.03 0.36 0.22 75.84 <0.07 76.05 19.58 18.41
min 399 7.3 0.000 0.00 2.97 0.000 0.204 0.001 0.000 0.000 0.000 7.5 218 382.00 3.20 0.02 0.22 0.18 51.21 0.13 3.53 8.76 7.65
max 919 8.2 0.000 0.00 7.04 0.000 0.298 0.004 0.000 0.000 0.000 8.0 319 591.00 76.00 0.03 0.42 0.33 90.70 0.13 119.47 24.70 23.23
mean 686 7.7 NA NA 4.96 NA 0.232 0.003 NA NA NA 7.7 264 457.75 39.60 0.03 0.33 0.25 70.09 0.13 38.69 19.69 17.41
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Appendix A: Results of Laboratory Analysis of Water Samples Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Date Collected Time collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
MDL: 0.037 0.110 0.023 0.001 0.001 0.029 0.012 0.013 0.006 0.001 0.024 0.02 0.11 0.03 0.00 0.022 0.03 0.04 0.07 0.04 0.22
05/09/11 11:35 792 7.5 N exit grab TOLLWAY 859 <0.037 <0.11 0.074 0.028 <0.00055 78.100 <0.012 <0.013 <0.0058 <0.00079 0.402 1.41 <0.11 32.90 0.12 <0.022 40.20 <0.043 0.13 <0.041 14.80
06/07/11 13:52 875 7.0 N exit grab TOLLWAY 921 <0.037 <0.11 0.097 0.036 <0.00055 85.900 <0.012 <0.013 <0.0058 <0.00079 0.249 1.26 <0.11 34.00 0.45 <0.022 51.20 <0.043 0.19 <0.041 11.90
08/02/11 16:26 826 7.5 N exit grab TOLLWAY 1030 <0.037 <0.11 0.036 0.037 <0.00055 85.783 <0.012 <0.013 <0.0058 <0.00079 0.976 1.72 <0.11 32.30 0.76 <0.022 40.43 <0.043 0.19 <0.041 13.86
08/30/11 14:14 1015 7.5 N exit grab TOLLWAY 1088 <0.037 <0.11 0.154 0.056 <0.00055 101.546 <0.012 <0.013 <0.0058 <0.00079 5.223 0.89 <0.11 39.05 0.91 <0.022 57.34 <0.043 0.16 <0.041 20.45
09/27/11 17:00 813 7.7 N exit grab TOLLWAY 1130 <0.037 <0.11 0.167 0.047 <0.00055 80.383 <0.012 <0.013 <0.0058 <0.00079 2.368 2.55 <0.11 30.84 0.36 <0.022 43.54 <0.043 0.11 <0.041 25.98
10/25/11 12:07 743 7.9 N exit grab TOLLWAY 1197 <0.037 <0.11 0.103 0.035 <0.00055 80.722 <0.012 <0.013 <0.0058 <0.00079 0.492 2.51 <0.11 34.63 0.22 <0.022 40.39 <0.043 0.12 <0.041 16.31
11/29/11 15:31 370 8.1 N exit grab TOLLWAY 1261 <0.037 <0.11 0.079 0.027 <0.00055 81.442 <0.012 <0.013 <0.0058 <0.00079 0.208 2.14 <0.11 35.11 0.07 <0.022 42.13 <0.043 0.19 <0.041 15.55
min 370 7.0 0.000 0.000 0.036 0.027 0.000 78.100 0.000 0.000 0.000 0.000 0.208 0.89 0.00 30.84 0.07 0.000 40.20 0.00 0.11 0.00 11.90
max 1015 8.1 0.000 0.000 0.167 0.056 0.000 101.546 0.000 0.000 0.000 0.000 5.223 2.55 0.00 39.05 0.91 0.000 57.34 0.00 0.19 0.00 25.98
mean 776 7.6 NA NA 0.101 0.038 NA 84.839 NA NA NA NA 1.417 1.78 NA 34.12 0.41 NA 45.03 NA 0.16 NA 16.98
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Date Collected Time collected (cst)
Conductivity 
(uS/cm) pH Site ID Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
MDL: 0.059 0.130 0.066 0.086 0.000 0.001 0.017 0.047 0.010 4.000 12.00 3.00 0.00 0.03 0.080 0.09 0.07 0.31 0.31 0.31
05/09/11 11:35 792 7.5 N exit grab TOLLWAY 859 <0.059 <0.13 2.7 <0.086 0.339 <0.00056 <0.017 <0.047 <0.0097 7.8 274.000 450.00 8.80 0.00 0.09 0.330 69.20 <0.07 43.30 11.60 10.80
06/07/11 13:52 875 7.0 N exit grab TOLLWAY 921 <0.059 <0.13 5.5 <0.086 0.420 <0.00056 <0.017 <0.047 <0.0097 7.8 320.000 510.00 6.00 0.01 0.20 0.360 72.70 <0.07 33.50 17.80 17.50
08/02/11 16:26 826 7.5 N exit grab TOLLWAY 1030 <0.059 <0.13 8.1 <0.086 0.395 <0.00056 <0.017 <0.047 <0.0097 7.6 293.627 480.00 15.20 0.02 0.05 0.366 60.91 <0.07 37.66 22.39 21.91
08/30/11 14:14 1015 7.5 N exit grab TOLLWAY 1088 <0.059 <0.13 8.9 <0.086 0.531 <0.00056 <0.017 <0.047 <0.0097 7.4 333.448 580.00 92.00 0.03 0.25 0.404 87.51 <0.07 56.92 21.02 14.36
09/27/11 17:00 813 7.7 N exit grab TOLLWAY 1130 <0.059 <0.13 6.2 <0.086 0.369 <0.00056 0.021 <0.047 <0.0097 7.5 225.886 503.00 25.50 0.02 0.07 0.232 80.97 <0.07 78.44 17.26 12.35
10/25/11 12:07 743 7.9 N exit grab TOLLWAY 1197 <0.059 <0.13 6.0 <0.086 0.312 <0.00056 0.018 <0.047 <0.0097 7.7 260.813 446.00 5.60 0.01 <0.03 0.266 66.91 <0.07 42.80 15.52 12.20
11/29/11 15:31 370 8.1 N exit grab TOLLWAY 1261 <0.059 <0.13 5.9 <0.086 0.317 <0.00056 <0.017 <0.047 <0.0097 7.8 283.135 459.00 <3.0 0.01 <0.03 0.271 68.49 <0.07 42.07 13.48 12.53
min 370 7.0 0.000 0.000 2.7 0.000 0.312 0.000 0.018 0.000 0.000 7.4 225.886 446.00 5.60 0.00 0.05 0.232 60.91 0.00 33.50 11.60 10.80
max 1015 8.1 0.000 0.000 8.9 0.000 0.531 0.000 0.021 0.000 0.000 7.8 333.448 580.00 92.00 0.03 0.25 0.404 87.51 0.00 78.44 22.39 21.91
mean 776 7.6 NA NA 6.2 NA 0.383 NA 0.019 NA NA 7.7 284.416 489.71 25.52 0.01 0.13 0.318 72.38 NA 47.81 17.01 14.52
67
Appendix B:  Field Blank and Duplicate Samples Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Date collected sample location sample ID MDL: 0.037 0.108 0.023 0.00085 0.00055 0.012 0.012 0.013 0.0058 0.00079 0.0059 0.016 0.018 0.0025 0.0015 0.022 0.026 0.014 0.063 0.041 0.217
4/13/11 blank TOLLWAY 833 0.191 0.017
5/11/11 blank TOLLWAY 881 0.401 0.075
6/8/11 blank TOLLWAY 935 0.328
7/7/11 blank TOLLWAY 990 0.128 0
8/3/11 blank TOLLWAY 1040 0.189 0.044
9/1/11 blank TOLLWAY 1105 0.156 0.053 0.078
9/29/11 blank TOLLWAY 1151 0.070
10/27/11 blank TOLLWAY 1212 0.032 0.061
12/1/11 blank TOLLWAY 1277 0.023 0.048 0.082
1/6/12 blank TOLLWAY 1336 0.049
2/2/12 blank TOLLWAY 1401 0.049
3/1/12 blank TOLLWAY 1461 0.374 0.091
3/28/12 blank TOLLWAY 1514 0.243 0.035 0.026
4/26/12 blank TOLLWAY 1569 0.197 0.084
5/24/12 blank TOLLWAY 1628 0.339 0.053 0.116
mean 0.196 0.020 0.044 0.047 0.086
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC # detects per blank sample
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3 mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Date collected sample location sample ID 0.059 0.131 0.066 0.086 0.00037 0.00056 0.017 0.047 0.0073 4 12 3.0 0.01 0.06 0.08 0.09 0.07 0.31 0.31 0.31
4/13/11 blank TOLLWAY 833 5.48 0.07 0.85 0.92 6
5/11/11 blank TOLLWAY 881 0.00192 6.16 0.06 0.87 1.09 7
6/8/11 blank TOLLWAY 935 0.00129 6.03 0.14 1.01 1.63 7
7/7/11 blank TOLLWAY 990 0.001 5.990 0.570 0.690 6
8/3/11 blank TOLLWAY 1040 0.00068 5.76 0.70 0.88 6
9/1/11 blank TOLLWAY 1105 0.00078 5.74 0.87 0.92 7
9/29/11 blank TOLLWAY 1151 6.02 0.55 0.65 4
10/27/11 blank TOLLWAY 1212 5.82 0.42 0.49 5
12/1/11 blank TOLLWAY 1277 6.02 0.66 0.48 6
1/6/12 blank TOLLWAY 1336 5.93 0.62 1.33 4
2/2/12 blank TOLLWAY 1401 5.90 0.34 0.78 4
3/1/12 blank TOLLWAY 1461 0.00145 6.09 0.51 5
3/28/12 blank TOLLWAY 1514 6.10 0.37 0.55 6
4/26/12 blank TOLLWAY 1569 0.00055 5.80 0.40 0.51 6
5/24/12 blank TOLLWAY 1628 0.00173 6.19 0.45 0.49 8
mean 0.001 5.935 0.090 0.620 0.795 5.800
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Appendix B:  Field Blank and Duplicate Samples
Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Date collected sample location MDL: 0.037 0.108 0.023 0.00085 0.00055 0.012 0.012 0.013 0.0058 0.00079 0.0059 0.016 0.018 0.0025 0.0015 0.022 0.026 0.014 0.063 0.041 0.217
4/12/11 TB7B-2 TOLLWAY 829 <0.037 <0.11 0.1652031 0.0351642 <0.00055 96.2842636 <0.012 <0.013 <0.0058 0.002144913 <0.024 0.646081269 <0.11 96.8284607 0.03671853 <0.022 70.9443054 <0.043 0.1413877 <0.041 42.36438751
4/12/11 TB7B-2 dupe TOLLWAY 830 <0.037 <0.11 0.1610682 0.0346277 <0.00055 98.3486023 <0.012 <0.013 <0.0058 0.00208853 <0.024 0.670304835 <0.11 99.1948319 0.05162014 <0.022 73.5160828 <0.043 0.11982036 <0.041 44.73790359
difference 0.004135 0.0005365 2.06433868 5.63828E-05 0.024223566 2.36637116 0.01490161 2.57177734 0.02156734 2.37351608
% difference 2.5029511 1.5256188 2.14400423 2.628675382 3.749306344 2.44387977 40.583354 3.62506522 15.2540458 5.602621021
> 20% ? 40.583354
5/9/11 SBNP DD out-dupe TOLLWAY 861 <0.037 <0.11 0.083 0.0374 <0.00055 82.6 <0.012 <0.013 <0.0058 0.00113 0.064 1.85 <0.11 39.2 0.0565 <0.022 70.8 <0.043 0.133 <0.041 22.2
5/9/11 SBNP DD out TOLLWAY 860 <0.037 <0.11 0.081 0.0362 <0.00055 78.0 <0.012 <0.013 <0.0058 0.00131 0.062 1.82 <0.11 37.4 0.0532 <0.022 70.9 <0.043 0.134 <0.041 21.2
difference 0.0023204 0.0011757 4.64409637 0.000179166 0.0018615 0.026817799 1.80031586 0.00335667 0.0406189 0.0016108 1.03014373
% difference 2.7838149 3.1466508 5.62187509 15.87728317 2.9096771 1.453507851 4.59101081 5.94024629 0.05733317 1.21376413 4.635220872
> 20% ?
6/8/11 TB15B-1L TOLLWAY 932 <0.037 <0.11 0.109 0.107 <0.00055 472 <0.012 <0.013 <0.0058 <0.00079 0.058 5.71 <0.11 376 0.0168 <0.022 687 <0.043 0.196 <0.041 89.8
6/8/11 dupe TOLLWAY 931 <0.037 <0.11 0.106 0.106 <0.00055 476 <0.012 <0.013 <0.0058 <0.00079 0.069 5.85 <0.11 382 0.0168 <0.022 689 <0.043 0.158 <0.041 87.6
difference 0.0027862 0.0009419 4.523468 0.010856 0.134389877 5.4803772 2.373E-06 2.0407105 0.03800145 2.11656189
% difference 2.5538048 0.8831011 0.95843164 18.577546 2.351589275 1.45676842 0.01411516 0.29710955 19.4372243 2.358006604
> 20% ?
7/5/11 TOLLWAY 978 <0.037 <0.11 0.088 0.044 <0.00055 106.000 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.510 <0.11 42.700 0.045 <0.022 96.900 <0.043 0.167 <0.041 38.500
7/5/11 dupe TOLLWAY 979 <0.037 <0.11 0.087 0.044 <0.00055 104.000 <0.012 <0.013 <0.0058 <0.00079 <0.024 1.510 <0.11 42.100 0.044 <0.022 96.400 <0.043 0.204 <0.041 37.900
difference 0.001 0.0004 2 0 0.6 0.0008 0.5 0.037 0.6
% difference 1.1363636 0.9009009 1.88679245 0 1.40515222 1.77383592 0.51599587 22.1556886 1.558441558
> 20% ? 22.1556886
8/3/11 TB15-1L TOLLWAY 1034 <0.037 <0.11 0.122 0.107 <0.00055 483 <0.012 <0.013 <0.0058 0.00112 <0.024 7.12 <0.11 369 0.0150 <0.022 676 <0.043 0.225 <0.041 77.2
8/3/11 TB15-1L TOLLWAY 1035 <0.037 <0.11 0.119 0.105 <0.00055 465 <0.012 <0.013 <0.0058 0.00115 <0.024 6.93 <0.11 351 0.0136 <0.022 659 <0.043 0.233 <0.041 76.0
difference 0.0026004 0.001954 18.2655945 3.65533E-05 0.189106942 17.8706665 0.00145294 16.3953857 0.00796247 1.27237702
% difference 2.1353264 1.8294928 3.78263872 3.272076871 2.656844269 4.84579999 9.65682562 2.42709047 3.53745314 1.647428092
> 20% ?
8/29/11 TB19-GW-grab TOLLWAY 1080 <0.037 <0.11 0.152 0.105 <0.00055 105 <0.012 <0.013 <0.0058 0.00859 0.076 31.1 <0.11 32.8 0.0534 0.026 215 <0.043 0.156 <0.041 47.7
8/29/11 TB19-GW-grab-dupe TOLLWAY 1081 <0.037 <0.11 0.151 0.104 <0.00055 103 <0.012 <0.013 <0.0058 0.00876 0.073 31.0 <0.11 31.1 0.0525 <0.022 214 <0.043 0.179 <0.041 46.8
difference   0.00063 0.00047  2.10150    0.00017 0.00241 0.10929  1.69750 0.00088 0.81697  0.02292  0.85118
% difference   0.41 0.45  2.01    1.98 3.18 0.35  5.18 1.65 0.38  14.69  1.78
>20%?           
9/28/11 TB15-GW-grab TOLLWAY 1138 0.889 <0.11 0.045 0.0428 <0.00055 49.8 <0.012 <0.013 <0.0058 0.00949 0.780 16.4 <0.11 8.04 0.0274 0.023 291 <0.043 0.302 <0.041 26.6
9/28/11 TB15-GW-grab-dupe TOLLWAY 1139 0.880 <0.11 0.047 0.0434 <0.00055 50.6 <0.012 <0.013 <0.0058 0.00949 0.765 16.7 <0.11 8.10 0.0283 <0.022 296 <0.043 0.298 <0.041 27.0
difference 0.00908  0.00132 0.00056  0.82834    0.00000 0.01446 0.28893  0.05515 0.00096  5.30878  0.00381  0.39990
% difference 1.02  2.90 1.32  1.66    0.04 1.85 1.76  0.69 3.49  1.82  1.26  1.50
> 20% ?          
10/26/11 TB19-GW-grab TOLLWAY 1201 0.082 <0.11 0.067 0.0514 <0.00055 66.6 <0.012 <0.013 <0.0058 0.00615 0.062 18.4 <0.11 19.5 0.0258 <0.022 190 <0.043 0.118 <0.041 32.5
10/26/11 TB19-GW-grab-dupe TOLLWAY 1202 0.085 <0.11 0.066 0.0522 <0.00055 68.7 <0.012 <0.013 <0.0058 0.00651 0.064 18.5 <0.11 20.2 0.0261 <0.022 194 <0.043 0.161 <0.041 33.7
difference 0.00219  0.00116 0.00079  2.13585    0.00036 0.00246 0.11752  0.73685 0.00037  3.58125  0.04247  1.15002
% difference 2.66  1.73 1.53  3.21    5.85 3.97 0.64  3.78 1.43  1.88  35.98  3.53
> 20% ?         35.98  
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Appendix B:  Field Blank and Duplicate Samples
Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Date collected sample location MDL: 0.059 0.131 0.066 0.086 0.00037 0.00056 0.017 0.047 0.0073 4 12 3.0 0.01 0.06 0.08 0.09 0.07 0.31 0.31 0.31
4/12/11 TB7B-2 TOLLWAY 829 <0.059 <0.13 4.4393978 <0.086 0.1243339 <0.00056 <0.017 <0.047 <0.0097 7.554 436.034 800 0.010359 0.050161 0.1910277 111.784476 7.3393615 117.49497 4.407601418 4.105679056
4/12/11 TB7B-2 dupe TOLLWAY 830 <0.059 <0.13 4.3938727 <0.086 0.125651 <0.00056 <0.017 <0.047 <0.0097 7.532 445.425 862 0.008419 0.0462 0.1741247 115.804589 6.6355134 120.178786 4.169354914 4.099305418
difference 0.0455251 0.0013171 0.022 9.391 62 0 0.00194 0.003961 0.016903 4.02011292 0.7038481 2.6838168 0.238246504 0.006373638
% difference 1.0254786 1.0593242 0.291236431 2.1537311 7.75 18.7276764 7.89657303 8.8484577 3.59630699 9.590046 2.2841972 5.405355005 0.155239562
> 20% ?
5/9/11 SBNP DD out-dupe TOLLWAY 861 <0.059 <0.13 0.926 <0.086 0.316 <0.00056 <0.017 <0.047 <0.0097 8.06 269 540 <0.003 <0.03 0.33 120 <0.07 62.1 9.56 8.19
5/9/11 SBNP DD out TOLLWAY 860 <0.059 <0.13 0.899 <0.086 0.307 <0.00056 <0.017 <0.047 <0.0097 8.04 269 548 <3.0 <0.003 0.14 0.27 120 <0.07 62.1 9.74 8.26
difference 0.0271954 0.0087775 0.023 0.673 8 0.0603269 0.01321065 0.01123384 0.182754727 0.070872899
% difference 2.9363645 2.7783592 0.285253628 0.2504941 1.481481481 18.252673 0.01101981 0.01809359 1.911368793 0.865041497
> 20% ?
6/8/11 TB15B-1L TOLLWAY 932 <0.059 0.14 8.61 <0.086 3.88 <0.00056 0.031 <0.047 <0.0097 7.23 357 4640 0.012 0.11 2501 <0.07 199 3.24 2.53
6/8/11 dup TOLLWAY 931 <0.059 0.19 8.52 <0.086 3.86 <0.00056 0.024 <0.047 <0.0097 7.29 358 4507 0.012 0.13 2482 <0.07 199 3.11 2.59
difference 0.0546878 0.086895 0.0269978 0.0074295 0.056 0.866 133 0 0.000228 0.020362 18.7998557 0.39656874 0.13248918 0.055565634
% difference 39.434672 1.0097908 0.6952943 23.649575 0.774443369 0.2424473 2.86637931 1.88258608 18.2919051 0.75184269 0.19975456 4.088162426 2.192818156
> 20% ? 39.434672 23.649575
7/5/11 TOLLWAY 978 <0.059 <0.13 7.190 <0.086 0.545 <0.00056 <0.017 <0.047 <0.0097 8.100 300.000 702.000 5.200 0.017 <0.03 0.310 138.000 0.370 103.000 6.900 5.990
7/5/11 dup TOLLWAY 979 <0.059 <0.13 7.090 <0.086 0.539 <0.00056 <0.017 <0.047 <0.0097 8.100 301.000 693.000 0.017 <0.03 0.290 138.000 0.370 103.000 7.190 5.940
difference 0.1 0.006 0 1 9 5.2 0 0.02 0 0 0 0.29 0.05
% difference 1.3908206 1.1009174 0 0.3333333 1.282051282 0 6.4516129 0 0 0 4.202898551 0.834724541
> 20% ?
8/3/11 TB15-1L TOLLWAY 1034 <0.059 0.22 9.68 <0.086 3.69 <0.00056 <0.017 <0.047 <0.0097 7.22 357 4227 0.020 <0.03 0.31 2348 <0.07 209 3.25 2.58
8/3/11 TB15-1L TOLLWAY 1035 <0.059 0.17 9.47 <0.086 3.61 <0.00056 0.023 <0.047 <0.0097 7.22 357 4263 0.021 <0.03 0.25 2341 <0.07 211 3.46 2.34
difference 0.0492602 0.2123384 0.0812163 0.002 0.066 36 0 0.000361 0.0618239 7.28252776 1.28378843 0.217781084 0.24242955
% difference 22.05624 2.1926544 2.1994349 0.02769316 0.0184989 0.85166785 1.76303966 20.059482 0.31016273 0.61296948 6.709961998 9.39995522
> 20% ? 22.05624 20.059482
8/29/11 TB19-GW-grab TOLLWAY 1080 <0.059 <0.13 8.34 <0.086 0.563 <0.00056 <0.017 <0.047 <0.0097 7.42 348 1025 <3.0 0.038 <0.03 0.30 274 1.80 135 14.5 13.8
8/29/11 TB19-GW-grab-dupe TOLLWAY 1081 <0.059 <0.13 8.25 <0.086 0.561 <0.00056 <0.017 <0.047 <0.0097 7.43 347 1020 NA 0.038 <0.03 0.30 264 1.80 135 14.7 13.9
difference   0.09489  0.00255     0.01300 0.96700 5.00000  0.00004  0.00211 9.57617 0.00042 0.07237 0.11972 0.06127
% difference   1.14  0.45     0.18 0.28 0.49  0.11  0.71 3.50 0.02 0.05 0.82 0.44
>20%?          
9/28/11 TB15-GW-grab TOLLWAY 1138 <0.059 <0.13 6.13 <0.086 0.214 0.0232 <0.017 <0.047 <0.0097 8.07 150 977 3.6 0.159 <0.03 0.34 412 1.38 72.0 15.1 14.1
9/28/11 TB15-GW-grab-dupe TOLLWAY 1139 <0.059 <0.13 6.19 <0.086 0.217 0.0228 <0.017 <0.047 <0.0097 8.08 149 981 NA 0.160 <0.03 0.34 414 1.38 72.1 15.6 13.8
difference   0.06497  0.00324 0.00035    0.01000 1.32300 4.00000  0.00087  0.00258 1.64394 0.00078 0.15607 0.52859 0.25193
% difference   1.06  1.52 1.52    0.12 0.88 0.41  0.55  0.76 0.40 0.06 0.22 3.50 1.79
> 20% ?         
10/26/11 TB19-GW-grab TOLLWAY 1201 <0.059 <0.13 5.83 <0.086 0.344 0.00111 <0.017 <0.047 <0.0097 7.94 206 817 <3.0 0.030 <0.03 0.41 272 1.32 89.4 11.3 11.3
10/26/11 TB19-GW-grab-dupe TOLLWAY 1202 <0.059 <0.13 5.96 <0.086 0.352 0.00127 <0.017 <0.047 <0.0097 7.96 206 813 NA 0.031 <0.03 0.28 275 1.30 89.5 11.5 11.4
difference   0.12323  0.00703 0.00016    0.01700 0.87500 4.00000  0.00027  0.13680 2.60905 0.01793 0.10784 0.18681 0.08743
% difference   2.11  2.04 14.23    0.21 0.43 0.49  0.87  33.04 0.96 1.36 0.12 1.65 0.77
> 20% ?         33.04
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Appendix B:  Field Blank and Duplicate Samples
Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni P Pb S
Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Date collected sample location MDL: 0.037 0.108 0.023 0.00085 0.00055 0.012 0.012 0.013 0.0058 0.00079 0.0059 0.016 0.018 0.0025 0.0015 0.022 0.026 0.014 0.063 0.041 0.217
11/30/11 TB7B-in-grab TOLLWAY 1267 <0.037 <0.11 0.187 0.0653 <0.00055 145 <0.012 <0.013 <0.0058 0.00528 0.067 34.3 <0.11 46.4 0.0273 0.029 1524 <0.043 0.190 <0.041 269
11/30/11 TB7B-in-grab-dupe TOLLWAY 1269 <0.037 <0.11 0.178 0.0644 <0.00055 142 <0.012 <0.013 <0.0058 0.00512 0.063 34.2 <0.11 45.8 0.0267 <0.022 1485 <0.043 0.122 <0.041 262
difference   0.00844 0.00088  2.57092    0.00016 0.00403 0.10658  0.54636 0.00064  38.55274  0.06840  7.68109
% difference   4.53 1.34  1.77    2.99 5.99 0.31  1.18 2.34  2.53  36.00  2.85
> 20% ?          36.00  
1/3/12 TB19-GW-grab TOLLWAY 1309 <0.037 <0.11 0.054 0.0724 <0.00055 104 <0.012 <0.013 <0.0058 0.00569 <0.024 26.4 <0.11 23.4 0.0108 <0.022 376 <0.043 0.182 <0.041 32.4
1/3/12 TB19-GW-grab-dupe TOLLWAY 1310 <0.037 <0.11 0.057 0.0735 <0.00055 104 <0.012 <0.013 <0.0058 0.00540 <0.024 26.9 <0.11 23.8 0.0112 <0.022 379 <0.043 0.211 <0.041 32.6
difference   0.00334 0.00116  0.13086    0.00029  0.53169  0.40231 0.00041  3.77417  0.02876  0.21868
% difference   6.24 1.60  0.13    5.04  2.02  1.72 3.82  1.00  15.76  0.68
> 20% ?            
2/1/12 TB15-GW-grab TOLLWAY 1384 <0.037 <0.11 0.029 0.179 <0.00055 189 <0.012 <0.013 <0.0058 0.00436 <0.024 37.9 <0.11 18.5 0.0061 <0.022 1572 <0.043 0.217 <0.041 35.6
2/1/12 TB15-GW-grab-dupe TOLLWAY 1385 0.039 <0.11 0.029 0.181 <0.00055 193 <0.012 <0.013 <0.0058 0.00382 <0.024 38.4 <0.11 18.8 0.0061 <0.022 1619 <0.043 0.204 <0.041 36.3
difference   0.00008 0.00137  3.35074    0.00055  0.46843  0.29562 0.00008  46.79004  0.01313  0.71274
% difference   0.27 0.77  1.77    12.50  1.24  1.60 1.40  2.98  6.04  2.00
> 20% ?            
2/29/12 TB15-GW-grab TOLLWAY 1449 0.335 <0.11 0.024 0.0883 <0.00055 97.9 <0.012 <0.013 <0.0058 0.00791 0.202 21.5 <0.11 12.9 0.0021 <0.022 1143 <0.043 0.207 <0.041 27.3
2/29/12 TB15-GW-grab-dupe TOLLWAY 1450 0.318 <0.11 0.023 0.0864 <0.00055 95.9 <0.012 <0.013 <0.0058 0.00746 0.212 21.3 <0.11 12.8 0.0022 <0.022 1145 <0.043 0.265 <0.041 27.2
difference 0.01646  0.00069 0.00187  1.90636    0.00044 0.01095 0.23978  0.15900 0.00014  2.10876  0.05872  0.11873
% difference 4.92  2.87 2.12  1.95    5.58 5.44 1.12  1.23 6.89  0.18  28.42  0.44
> 20% ?         28.42  
3/27/12 TB19-GW-grab TOLLWAY 1501 0.078 <0.11 0.094 0.0980 <0.00055 97.6 <0.012 <0.013 <0.0058 0.00894 0.061 29.0 <0.11 38.4 0.0094 <0.022 528 <0.043 0.157 <0.041 33.9
3/27/12 TB19-GW-grab-dupe TOLLWAY 1502 0.058 <0.11 0.095 0.100 <0.00055 99.0 <0.012 <0.013 <0.0058 0.00887 0.043 29.7 <0.11 39.9 0.0093 <0.022 539 <0.043 0.182 <0.041 34.8
difference 0.02020  0.00121 0.00202  1.38872    0.00007 0.01723 0.68214  1.45951 0.00005  10.58081  0.02481  0.97845
% difference 25.93  1.29 2.06  1.42    0.79 28.43 2.35  3.80 0.58  2.00  15.77  2.89
> 20% ? 25.93      28.43     
4/25/12 TB15-GW-grab TOLLWAY 1566 <0.037 <0.11 0.046 0.148 <0.00055 119 <0.012 <0.013 <0.0058 0.00423 <0.024 32.4 <0.11 18.5 <0.0015 <0.022 1190 <0.043 0.223 <0.041 37.8
4/25/12 TB15-GW-grab-dupe TOLLWAY 1567 <0.037 <0.11 0.046 0.148 <0.00055 118 <0.012 <0.013 <0.0058 0.00462 0.042 32.9 <0.11 17.8 <0.0015 <0.022 1234 <0.043 0.234 <0.041 38.2
difference   0.00031 0.00059  0.96043    0.00039  0.50359  0.66604   43.69556  0.01028  0.35733
% difference   0.67 0.40  0.81    9.23  1.55  3.61   3.67  4.60  0.95
> 20% ?             
5/23/12 TB15-1L TOLLWAY 1624 <0.037 <0.11 0.110 0.108 <0.00055 496 <0.012 <0.013 <0.0058 0.00108 0.036 5.22 <0.11 409 0.0063 <0.022 697 <0.043 0.182 <0.041 84.5
5/23/12 TB15-1L-dupe TOLLWAY 1625 <0.037 <0.11 0.106 0.106 <0.00055 503 <0.012 <0.013 <0.0058 0.00098 0.032 5.21 <0.11 405 0.0065 <0.022 694 <0.043 0.219 <0.041 82.2
difference   0.00359 0.00126  7.12094    0.00010 0.00469 0.00346  3.63910 0.00026  2.55945  0.03756  2.23764
% difference   3.28 1.17  1.44    9.59 12.88 0.07  0.89 4.17  0.37  20.65  2.65
> 20% ?          20.65  
8.63 2.35 1.40 2.04 5.80 9.25 1.44 2.56 5.98 1.58 16.05 2.34
71
Appendix B:  Field Blank and Duplicate Samples Sb Se Si Sn Sr Ti Tl V Zn pH alkalinity TDS, 180 C TSS oPO4-P NH3 -N F Cl NO3 -N SO4 total NVOC dissolved NVOC
Sample ID mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L as CaCO3mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Date collected sample location MDL: 0.059 0.131 0.066 0.086 0.00037 0.00056 0.017 0.047 0.0073 4 12 3.0 0.01 0.06 0.08 0.09 0.07 0.31 0.31 0.31
11/30/11 TB7B-in-grab TOLLWAY 1267 <0.059 <0.13 6.55 <0.086 1.41 <0.00056 <0.017 <0.047 <0.0097 8.22 300 4474 3.2 0.013 <0.03 0.46 1889 0.81 739 12.6 12.2
11/30/11 TB7B-in-grab-dupe TOLLWAY 1269 <0.059 <0.13 6.38 <0.086 1.39 <0.00056 0.020 <0.047 <0.0097 8.23 302 4491 NA 0.013 <0.03 0.45 1908 0.81 741 12.6 12.3
difference   0.17716  0.02672     0.01200 1.38300 17.00000  0.00003  0.00609 19.08314 0.00016 2.60057 0.05157 0.06806
% difference   2.70  1.89     0.15 0.46 0.38  0.19  1.32 1.01 0.02 0.35 0.41 0.56
> 20% ?          
1/3/12 TB19-GW-grab TOLLWAY 1309 <0.059 <0.13 4.47 <0.086 0.665 <0.00056 <0.017 <0.047 <0.0097 8.19 170 1413 <3.0 0.018 0.04 0.18 652 1.31 92.2 10.4 10.1
1/3/12 TB19-GW-grab-dupe TOLLWAY 1310 <0.059 <0.13 4.50 <0.086 0.672 <0.00056 <0.017 <0.047 <0.0097 8.21 169 1392 NA 0.018 0.06 0.19 651 1.30 92.0 10.1 10.0
difference   0.02270  0.00772     0.01600 1.21000 21.00000  0.00008 0.02147 0.00694 0.92033 0.00678 0.24678 0.22188 0.02533
% difference   0.51  1.16     0.20 0.71 1.49  0.46 51.77 3.76 0.14 0.52 0.27 2.14 0.25
> 20% ?         51.77
2/1/12 TB15-GW-grab TOLLWAY 1384 <0.059 <0.13 3.15 <0.086 1.17 <0.00056 <0.017 <0.047 <0.0097 8.64 115 4744 <3.0 0.042 0.03 0.50 2713 1.19 103 10.3 9.83
2/1/12 TB15-GW-grab-dupe TOLLWAY 1385 <0.059 <0.13 3.20 <0.086 1.18 <0.00056 <0.017 <0.047 <0.0097 8.65 115 4735 NA 0.043 0.04 0.52 2706 1.19 103 10.4 10.1
difference   0.04860  0.01511     0.00900 0.29700 9.00000  0.00144 0.00930 0.02874 7.14650 0.00165 0.07258 0.16966 0.31729
% difference   1.54  1.30     0.10 0.26 0.19  3.42 26.74 5.80 0.26 0.14 0.07 1.65 3.23
> 20% ?         26.74
2/29/12 TB15-GW-grab TOLLWAY 1449 <0.059 <0.13 3.71 <0.086 0.533 0.00617 <0.017 <0.047 <0.0097 9.03 141 3208 3.6 0.100 0.05 0.37 1766 1.19 74.5 10.4 9.31
2/29/12 TB15-GW-grab-dupe TOLLWAY 1450 <0.059 <0.13 3.67 <0.086 0.525 0.00567 <0.017 <0.047 <0.0097 9.03 141 3258 NA 0.100 0.06 0.35 1799 1.19 74.7 11.1 10.8
difference   0.04321  0.00784 0.00050    0.00100 0.27100 50.00000  0.00037 0.00530 0.02612 32.82592 0.00010 0.23202 0.67200 1.52044
% difference   1.16  1.47 8.17    0.01 0.19 1.56  0.37 10.14 6.98 1.86 0.01 0.31 6.44 16.34
> 20% ?        
3/27/12 TB19-GW-grab TOLLWAY 1501 <0.059 <0.13 6.14 <0.086 0.553 0.00102 <0.017 <0.047 <0.0097 7.80 300 1822 <3.0 0.059 0.05 0.28 818 3.55 92.7 12.3 11.9
3/27/12 TB19-GW-grab-dupe TOLLWAY 1502 <0.059 <0.13 6.21 <0.086 0.567 0.00075 0.021 <0.047 <0.0097 7.80 301 1836 NA 0.059 0.04 0.32 818 3.54 92.5 12.2 12.2
difference   0.07037  0.01391 0.00028    0.00600 1.14300 14.00000  0.00012 0.00574 0.03134 0.25355 0.00396 0.18530 0.10509 0.28310
% difference   1.15  2.52 27.03    0.08 0.38 0.77  0.20 11.93 11.04 0.03 0.11 0.20 0.85 2.37
> 20% ?    27.03     
4/25/12 TB15-GW-grab TOLLWAY 1566 <0.059 <0.13 5.44 <0.086 0.924 <0.00056 <0.017 <0.047 <0.0097 7.70 209 3500 <3.0 0.110 <0.03 0.16 1874 2.10 102 14.2 14.2
4/25/12 TB15-GW-grab-dupe TOLLWAY 1567 <0.059 <0.13 5.48 <0.086 0.930 <0.00056 <0.017 <0.047 <0.0097 7.73 212 3512 NA 0.107 <0.03 0.13 1873 2.09 101 13.7 13.6
difference   0.04644  0.00574     0.03000 2.08100 12.00000  0.00297  0.02782 0.51923 0.00903 0.16661 0.45307 0.61974
% difference   0.85  0.62     0.39 0.99 0.34  2.71  17.58 0.03 0.43 0.16 3.19 4.37
> 20% ?          
5/23/12 TB15-1L TOLLWAY 1624 <0.059 0.15 8.74 <0.086 3.71 <0.00056 0.027 <0.047 <0.0097 7.22 361 5164 NA 0.019 <0.03 0.67 2589 <0.04 222 2.89 2.25
5/23/12 TB15-1L-dupe TOLLWAY 1625 <0.059 <0.13 8.59 <0.086 3.64 <0.00056 0.023 <0.047 <0.0097 7.19 363 4987 NA 0.019 <0.03 0.30 2581 <0.04 219 2.83 2.25
difference   0.15181  0.06624  0.00436   0.03000 1.94300 177.00000  0.00004  0.36273 7.88221  3.65580 0.05834 0.00893
% difference   1.74  1.79  15.95   0.42 0.54 3.43  0.23  54.46 0.30  1.65 2.02 0.40
> 20% ?         54.46  
30.75 1.50 1.51 12.73 19.80 0.22 0.54 1.58 2.25 21.13 13.51 0.88 1.11 0.43 3.00 2.93
